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FOREWORD 


This report was prepared by the Martin 
Marietta Corporation under Contract KAS8-25619 
"Space Shuttle Propulsion Systems On-board ' 
Checkout and Monitoring System Development Study, 
for the George C. Marshall Space Flight Center of 
the National Aeronautics and Space Administration 
The report is comprised of four volumes; 

Volume I - Summary 

Volume II - Propulsion System 

Definition and Criteria 

Volume III - OCMS Criteria 
and Concept 

Volume IV - Appendices 
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Definitions 

BIT: A single binary digit. The smallest informational element of 

a digital system. 

MiliI::I N-TEST EQUIPMEliT (BITE^ : An integral part of a functional unit 

which serves to test and/or provide status on that functional 
unit, but does not participate in performing the unit's principle 
function 

BYTE : A specified number of BITS. 

CHECKOUT : The process of determining whether or not specified physical 

quantities or operations meet their prescribed criteria. The 
process can include such functions as data acquisition, processing, 
storage, display, stimulus generation, etc, 

C ONTROL ; The act or process of initiating, regulating and/or terminating 

the operation and performance of a functional element in a prescribed 
manner, 

CONTROLLER ; A device which governs the state or performance of a 

particular functional element in a prescribed manner, e.g, engine 
controller. 

DATA BUS: The transmission line(s) along which the system computer(s) 

communicate with the various Digital Interface Units, controllers, 
peripheral equipment, and other computers, 

DATA COMP RESSION ; The process of screening and selecting data such that 
only desired information is retained for further processing and/or 
storage, 

DESIGN REFERENCE HODEL ; The baseline configuration, 

DIAGWOSTS; The determination of the state or condition of an element 
or parameter through evaluation of available data, 

DIGITAL INT ERFACE UNIT ; An intermediary unit between the coraputer(s) 

and another device which formats that device's output for communi- 
cation to a computer, and accepts and translates a computer’s 
transmissions to the device, 

ISOLATION ; The processing of analyzing a malfunction or abnormality 
to the extent of determining which functional element is defective, 
where the functional element is ordinarily a Line Replaceable Unitl 
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NOMENCLATURE (Continued) 

FUNCTIONAL ELEMENT ; A unit which performs a characteristic action. Parts, 
components, assemblies, and subsystems are functional elements 
of increasing complexity. 

GA S PATH ANALY SI S ; An assessment of engine performance that is made 

through evaluation of a set of measured values of pressures, temp- 
eratures and/or flow rates. 

GROUND SUPPORT EQUIPt'lENT ; (for checkout and monitoring) That equipment, 
in addition to the onboard equipment, which is needed to accomplish 
the functions of checkout and monitoring. 

LINE REPLACEABLE UNIT ; A component or group of components that can, 

as a unit, be removed and replaced in the normal vehicle mainten- 
ance area. Such criteria ars allowable replacement time spans and 
degree of complexity of post-replacement calibration fo3rm a basis 
for Line Replaceable Unit selection. 

MAINTENANCE ; Those functions and activities associated with restoring 
the vehicle to an operational condition between flights. 

f 

MEASUREMENT : A physical quantity or event whose magnitude or time of 

occurence is of significance. 

MONITORING ; Repetitive acquisition and evaluation of needed data. 

K)GO ; An oscillatory instability resulting from a dynamic coupling 
between the fluid and structural elements of the vehicle, 

PROCESSING ; The manipulations and operations performed on data from 
the time and place it is acquired to the time and place it is 
used in its final form. 

SELF CHECK ; The process by which a functional element assesses its own 
operational integrity and readiness-. 

SENSOR ; A functional element which responds to a physical quantity 

•or event and converts that response to transmissible data which 
is proportional to the magnitude of the quantity or Indicates 
occurence of the event . 


SINGLE POINT FAILURE ; A functional element whose inability to operate 

within prescribed limits would cause loss of vehicle, crew, and/or 
mission objectives, 

STIMULUS ; An excitation or forcing function which is applied from an 
external source at a prescribed place and time. 
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NOMENCLATURE (Continued) 

TIMELINE ; A representation of a sequential series of events which 
depicts the time of occurence and duration of each event, 

TRANSDUCER ; Same as sensor. 

.TREND ANALYSIS ; The process of evaluating successive samples of the 

same data to forecast end of useful life and/or incipient failure 
as an aid to maintenance operations and to mission or vehicle 
configuration decisions. 

Abbreviations and Acronyms 

Note; Measurement nomenclature is defined in the measurement section. 

A/B Airbreather or airbreathing 

APS Auxiliary Propulsion System 

APU Auxiliary Power Unit 

BITE Built-In Test Equipment 

CG Combustion Chamber 

CGC Central Computer Complex 

. ecu Channel Control Unit 

Gg Thrust, Coefficient 

C* - Characteristic Exhaust Velocity 
DIU Digital Interface Unit 

DRM Design Reference Model 

AV Change in Velocity 

EPL Emergency Power Level 

FMEA Failure Modes and Effects Analysis 
FPB Fuel Preburner 

FSj^ Fire Switch #1 (Engine Start Signal) 

rS 2 Fire Switch #2 (Engine Shutdown Signal) 

GHe Gaseous Helium 

GHg Gaseous Hydrogen 

GNg Gaseous Nitrogen 

GOX Gaseous Oxygen 

GSE Ground Support Equipment 

G &'N Guidance and Navigation 

HPFTPA High Pressure Fuel Turbopump Assembly 
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HPOTPA High Pressure Oxidizer Turbopump Assembly 

Ign Igniter or Ignition 

KSC Kennedy Space Center 

LH2 Liquid Hydrogen 

LO2 Liquid Oxygen 

LOX Liquid Oxygen 

LPFTPA Low Pressure Fuel Turbopump Assembly 
LPOTPA Low Pressure Oxidizer Turbopurap Assembly 
LRU Line Replaceable Unit 

MPL Minimum Power Level 

MR Mixture Ratio 

MSEC Marshall Space Flight Center 

NPL Normal Power Level 

OCMS Onboard Checkout and Monitoring System 

OMS Orbital Maneuvering System 

OPB Oxidizer Preburner 

P/L Payload 

RCS Reaction Control System 

TCA Thrust Chamber Assembly 

T'PF Terminal Phase Finalization 

TPI Terminal Phase Initiation 

TVC Thrust Vector Control 

VAB Vertical Assembly Building 

WTR Western Test Range 
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The technical approach used in. this study to develop the 
concept for onboard checkout and monitoring of the Space Shuttle 
propulsion systems is -described in Volume I. The baseline 
mission^ vehicle^ propulsion systems and vehicle electronics 
are described in Volume II^ together with the analyses conducted 
to establish the propulsion systems' checkout and monitorliig 
criteria. Figure I-l is repeated in this chapter, again illus- 
trating the technical approach; this volume presents the analyses 
that were conducted to define the checkout and monitoring 
approach, and describes the resultant concept. 




FIGURE I-l 


TECHNICAL APPROACH 









II. PROPULSION OCMS REQUIREMENTS 


II. PROPULSION OCMS 
REQUIREMENTS 



A. CHECKOUT AND MONITORING REQUIREMENTS ANALYSIS 


In the early stages of this study it became apparent that 
to effectively develop the onboard checkout and monitoring 
requirements it would be necessary to devise an efficient work- 
ing tool which would serve as a communication link between the 
propulsion personnel and the electronics personnel engaged in 
this effort. A method was needed to translate the propulsion 
subsystem definitions and functional requirements into infor- 
mation pertinent to the checkout function, and assemble that 
information in a form which would become the basis for the 
definition of the bulk of the checkout and monitoring require- 
ments, Included in this task was the necessity to identify 
the sequences of operations of the various propulsion systems, 
assemblies, and elements; to identify the means of detecting 
failures in those operations, the means of isolating those 
failures to replaceable units, and the actions required as a 
result of such failures. In addition, it was necessary to 
develop the intimate relationship between checkout and con- 
trol of the propulsion systems as well as identify any time 
or cycle sensitive elements employed by those systems. 

To satisfy these requirements, a set of documentation 
entitled Checkout and Monitoring Requirements Analysis 
(C/O-MA) was developed. This K<ias accomplished in two phases. 
The first phase consisted of a series of workshops by the pro- 
pulsion and electronics personnel where, on a subsystem-by- 
subsystem basis, the mission phase functional requirements 
were examined. The sequences of operations were identified, 
time or cycle sensitive elements were identified, and a phase- 
by-phase mission analysis was performed to identify the 
checkout, monitoring, fault detection, fault isolation, failure 
reaction, and control requirements for each subsystem. The 
first natural result of this procedure was the generation of 
a preliminary set of subsystem measurement lists which were 
included at the end of each subsystem analysis. In those 
areas where information was either incomplete or not available, 
action items were noted or appropriate assumptions were made 
and identified. The sequence and logic diagrams which accom- 
panied those analyses are presented in Chapter III, Volume II, 
of this report. 
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The second phase of this procedure consisted of taking 
the above analyses for each subsystem during a particular 
mission phase^ and molding them into a continuous mission 
phase analysis. This was then re-evaluated against- the sub- 
systems requirements documentation. Finally the detailed 
operations of the tasks identified in the phase-by-phase 
analysis were added. -These include the- ground support equip- 
ment requirements and the detailed measurement requirements. 
The result is a step-by-step sequence for a nominal mission, 
indicating the expected values for a particular parameter 
at a given time,, and the justification for making the required 
measurements. This .result is contained in Appendix D of 
Volume I-V, 
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B. LEAK DETECTION AND MONITORING 


1 „ Introduction 


The leakage of propellants or pressurants aboard the Space Shuttle can 
result in, hazardous conditions from fires or explosions, reduced stage perform- 
ance, or functional losses of propulsion system elements o Although the level 
of redundancy in the propulsion systems is such that, in general, failures 
of single components do not adversely affect the operational capability 
of the stage, the failure modes and effects analyses show that leakage is 
a major failure mode„ As a part of the definition of the propulsion system 
OCMS, it was therefore necessary to define potential types of leaks and leakage 
sources and to identify an approach to leakage detection and monitoring which 
would accomplish the requisite functions of preflight checkout, readiness 
assessment and performance monitoring, hazard warning, etc« 


The major conclusions and recommendations resulting from this study .are 
as follows: 

a. The functions of the leakage detection and monitoring system are 
two fold: first, the existence of external or internal leaks in the 

propulsion components in exceedance of component or subsystem design 
specifications must be detected, because such conditions can result 
in subnormal system performance. Indicate that a redundant element 
no longer exists, or directly induce a hazardous condition. Secondly, 
the presence of hydrogen-air' or hydrogen-oxygen mixtures at concentra- 
tion levels and pressures in the combustible regime must be detected 
for hazard warnings A hybrid approach to accomplish these onboard func- 
tions is recommended., The approach consists of utilizing ultrasonic 
detectors for leakage detection, and a mass spectrometer/sampling probe 
system for concentration monitoring. The latter would also be used as 
the cabin gas analyzer. 

b„ A technology program to characterize the performance of the ultra- 
sonic detectors with cryogenic hardware should be implemented. 

c. Since the lower pressure limit for combustion of hydrogen with air 
or oxygen is approximately 0.15 psia, it should he a design goal to 
provide rapid venting of compartments to below this value during the 
boost phase. 

d. Changes' should be made to the Design Reference Model so that corrective 
action (such as purging, venting or abort) may be undertaken if a hazard- 
ous concentration or major leak Is detected during ascent. 
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2» Ground Rules 


a. The study encompasses detection and monitoring of leakage in the 
airborne vehicle systems. Launch facility items ^ such as propellant 
transfer equipment, are not included, 

b. In general, large leakage resulting from a structural failure is 
excluded from the analysis. 

c. The orbiter stage is used as the basis for the analysis because 

of its longer flight duration. The study results for the orbiter stage 
can also be applied to the booster stage. 

d. The compartments are purged with an inert gas while hydrogen is 
being loaded and up to launch. 

e. During main engine operation, any leakage from these engines into 
the base region downstream of the base heat shield can constitute a 
special hazard problem. This problem is beyond the range of this study 
due to the interaction of- recirculating gases from the external flow 
field and the complex nature 'of the total problem. 

3 . Leakage Sources and Consequences 

To properly understand and classify the overall leakage problem it is 
necessary to define potential sources and consequences of leakage. 

a. Sources - The leakage sources were evaluated for each of the three 
propulsion systems for the orbiter, as discussed in the following. 

The main engine is presented in Paragraph 4. 

1) Main Propulsion System 

The orbiter main propulsion system is shown in Figure H-l. 
The components, assemblies and subsystems that are potential leak 
sources are as follows: 

■Propellant tankage 
Propellant lines 
Isolation/prevalve 
Vent and relief valves 
Fill and drain valves 
Pressure regulators 
Shutoff valves 
Check valves 
Disconnects 
Sealed joints 
Main engine 




Figure II-l ORB ITER MAIN PROPULSION SYSTEM 
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The propellant tankage includes both the main and on-orbit 
tankage. These tanks will be designed and tested for structural 
integrity at pressures greater than the normal operating pressure. 
Also, there will be design specifications which will determine 
the maximum allowable gas leakage from the tankage. Nevertheless, 
it is possible for leakage to occur at penetration points for lines 
and at seals for manhole covers. Repeated stage usage could also 
cause leakage at tank welds. In the horizontal or vertical position 
the leakage of any liquids would rapidly vaporize to the gaseous 
state. If the stage were in a horizontal attitude, leakage from 
the large main LH2 tank would have a tendency to accumulate at the 
top of the stage in whatever compartment the leak occurred. If 
the stage were in a vertical attitude, leakage from large main 
LH2 tank would have a tendency to rise toward the front of the 
stage. 

The propellant and pressurant lines include both vacuum jacketed 
lines and regular single wall tubing. The single wall tubing and 
ducting can leak externally. The vacuum jacketed lines can leak 
and lose their vacuum. All of the larger lines contain flange joints. 
Leakage of the seals at these joints are another leakage source. 

The propellant shutoff or isolation valves could leak both 
internally with leakage of liquid or gas into the position indicating 
switch, actuator, or closed position latch and externally at the 
flange joints. Leakage through the gate lip seal would allow pro- 
pellant into the main engine. 

The vent and relief valves can leak either internally or exter- 
nally, The actuation solenoid valve and the step vent solenoid 
valve which are both part of this valve can also leak. 

The fill and drain valves which are butterfly type valves can 
suffer leakage mainly through the valve seat lipseal. A relief valve 
which is located in the center of the butterfly is also a potential 
leak source. 

The pressure regulators can leak both internally and externally,. 
Leakage from the atmospheric sensing port and the regulator body is 
defined as external leakage. Internal leakage is that which occurs 
through the regulator outlet or from the integral relief valve. 

The check valves can incur internal leakage after repeated 
usage. 

The fill and drain disconnects consist of an airborne half 
which is essentially a mating ring with sealing surfaces and a 
ground half with a built in ^butterfly valve. 
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2) Auxiliary Propulsion System 

The orbiter stage APS is shown in Figure II-2. Those components, 
assemblies, and subsystems within this system that are potential 
leak sources are as follows t 

Propellant accumulators 
Propellant lines 
Gas generators 
Solenoid valves 
Turbopumps 
Turbocompressors 
Heat exchangers 
Check valves 
APS engines 

The propellant accumulators store the gaseous hydrogen and 
oxygen at 1500 paia. As with the main tankage, these high pressure 
bottles will be tested for structural integrity under pressures 
greater than the normal operating pressure. 

The high pressure lines that connect the forward and rear 
accumulators are all brazed fittings which will be leak tested 
extensively during assembly and acceptance testing. In general 
they can be expected to have leak rates lower than 1 x 10”® std 
cm®/ sec. 

The bipropeliant gas generators within the APS propellant 
conditioning subsystem could be a leak source for the GH 2 and 
GO 2 both internally and externally. Also they generate hot gases 
which could leak externally. 

The heat exchangers which furnish the heat source to convert 
the LO 2 and LH 2 to GO 2 and GH 2 are devices with no moving parts. 
However, they are hard to Inspect and do provide a potential leak 
path through the heat exchanger colls for hot fuel-rich combustion 
gases to contact liquid oxygen. This is a type of internal leakage 
with a poteatial for catastrophic failure. 

The solenoid valves and check valves that control the flow of 
fuel and oxidizer into propellant conditioning subsystems and into 
the accumulator regulators can leak both internally and externally. 

The APS rotating machinery which entails both turbine driven 
pumps and turbine driven compressors does require special consider- 
ation due to the dynamic sealing necessary to prevent leakage from 
such components. The principal dynamic seal types used in turbo- 
pumps and compressors are the labyrinth, face-riding, and shaft- 
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riding seals. Since all of these dynamic seals can leak at a high 
rate, vent lines must be connected to the cavities between two or 
more dynamic seals which are installed in series. This is parti- 
cularly important to assure positive sealing for critical applica- 
tions such as propellant seals where fuel may be on one side and 
oxidizer on the other side of the seals. This vent line will be 
connected to GSE for ground testing and will be vented through the 
external skin in flight. 

3) Air Breathing System 

The orblter stage A/B system is shown in Figure II - 3., Those 
components, assemblies, and subsystems within this system that are 
potential leak sources are as follows: 

Propellant lines 
Solenoid and check valves 
Gas generators 
Turbopumps 
Turbo fan engines 

Since leakage in all of these types of components has been 
discussed in the two previous sections they will not be repeated 
herein except for the engine. 

In the engine power assembly both the low and high pressure 
compressors contain special air seals to limit interstage air re- 
circulation and high leakage would decrease performance of the 
turbofan engines. This would be detected by trend data analysis 
of engine performance. In the high and low pressure turbines there 
are turbine blade tip seals and interstage labyrinth seals that 
could leak. Again this would result in a performance loss that 
can be detected. 

In the fuel control assemblythe variable displacement vane 
pump will utilize dynamic seals. 

The scavenge pump which removes oil from the gearbox compartment 
for return to the oil tank would be the most likely source of an oil 
leak. The loss of oil may impair the lubrication of the engine 
bearings and result in bearing loss and subsequent engine shutdown. 

In the case of prolonged storage of a turbofan engine -in space on 
the orblter, three problems are of concern in the lubrication assemblyi 
vaporization of the oil to the hard vacuum, cold welding of the 
contact surfaces, and freezing of the oil. Turbofan engine lubricatioi 
systems are usually vented to ambient through a breather valve. 
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The bearing compartments and gearboxes have carbon face seals between 
the stationary housing and the rotating shaft for compartment sealing. 
While in orbit, the leakage through these seals would drop the system 
internal pressure to the vapor pressure of the oil. The oil residue 
from the vaporized oil would contaminate most of the lubrication 
system. This vaporization problem can be eliminated by maintaining 
a minimum internal lubrication system pressure which V70uld be monitored 
by the OCMS. 

4) Main Engine and APS Engine Subsystems 

In support of this study the Aerojet Liquid Rocket Company con- 
ducted a detailed leakage analysis to the component level on the Main 
and APS engines. Each engine component that could leak was analyzed 
to determine the consequences of the leak and how it could be detected. 
This first phase of the ALRC study resulted in an analysis sheet for 
each component. These analysis sheets are not presented in this report 
because of their bulk; an example is presented in Figure II- 4 .. These 
study results for the Main and APS engines are summarized in Figure 
II-5. Each component that represented a leak source is identified and 
the type of leak, egress point for the leak, and effect of the leak 
is described. The detection test method is identified. 
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CONSEQUENCES OF LEAKAGE ; 

1) At Start: "Small Leak" - GHE purge dilutes oxid; "Large Leak" - 

High press. /temp, start with possible preburner and/or turbine 
damage . 

2) Post FS-2 : "Small Leak" - Minor increase in shutdown M.R.; "Large 

Leak": High pressure/ temp, shutdown, possible turbine damage, extended 
shutdown (minor) , 

METHODS FOR DETECTION ; 

1) Preburner temperature/ pressure at start and shutdown. Shutdown data 
will be more indicative, as a leak in the igniter oxidizer valve 
will cause a pressure peak at start. 

2) It may be possible to use an external contact-type ultrasonic leak 
detector in conjunction with a 25-50 psig GHE or GNg pressurization 
in maint, shop, if flight data indicates an abnormality. The design 
of this valve may preclude incorporation of a leakage detector probe 
(l.e,, thermocouple), so the ultrasonic technique should be pursued. 
Presence of igniter oxid. valve could make location of leak a difficult 
task. 



Figure II-4 Example of Engine Component 
Leak Detection Analysis 
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LEAKAGE DETECTION ANALYSIS SUMMARY 

main engine 
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A. FERRY 

B. GROUND . 

C. FLIGHT 


LEAICAGE 

SOURCE 

TYPE OF LEAK 
AND EGRESS POINT 

EFFECT OF LEAK 

DETECTION TEST METHODS 



SHOP OR OTHER TEST WITH NO 
ON-BOARn FQTTTP. 

1. 1.1.2 - 
Lift -Off Beal, 
HPFTPA 
and 

1. 1.1. 4 - 
J^^^-OffSeal, 

Fuel Leak. 

Face Seal, in Turbine 
Section of Pump, Exits 
Nozzle 

A- None 

B, Fire Hazard 

C, Orbiter Only - Fire 

Hazard dur ing 
Boost. 

*None 

*None 

*Helium leak test but requires sensing 
at fuel main valve (parallel path), to 
differentiate. External ultrasonic 
contact prooe at valve, and at pump. 

1. 1. 1. 2 - Ck. 
Valves for HPOTPA 
Turbine Bearing" 
Coolant 

Fuel Leak. 

Feed Line: Seat leaks in 
foru^ard dir. 
Ret Line: Seat leaks in 

reverse dir. 
Bod"! Exit Nozzle. 

A, None - 

B, Fire Hazard 

C, Orbiter Only - Fire 

Hazard during 
Boost. 

Bearing Temperature. 

None 

Leak test with external ultrasonic 
contact probe 

1. 1. I. 8 - 
Fuel Main Valve 

Fuel Leak. 

Poppet Seal, Exits Nozzle 

A. None 

B. Fire Hazard 

C. ' Orbiter Only - Fire 

Hazard during* 
Boost. 

Temp. Sensor downstream of 
Valve. Check temp, at Prop, 
loading, on-pad, and post“FS 2 » 

None 

A helium leak test in shop can be performed 
with two types of sensors: 

1) External ultrasonic probe at valve, 

2) Mass. spec, probe inserted in main C. C. 
Igniter Tube, with a collar seal. 

1. 1. 1. 9 - 
Oxid. Main Valve 

Oxid, Leak. 

Poppet Seal. Exits Noz>;ie 

A . None 

B. Hard start, TCA 

^lamage. If Large 
enough possible 
hazard on launch 
pad. 

C. Shutdown - high M. R. - 

Possible injector 
damage. 

Temp, Sensor downstream of 
Valve, Check temp, at Prop, 
loading, on~pad, and post FSg, 

None 

A GN 2 leak test with an external ultrasonic 
contact probe* The multiple paths for 
Oxid. leakage which exit the nozzle render 
a "sniff* test in the chamber useless. 

1 . 1 . 1 . n - 

Oxid. Control Valvs, 
0. P. B. 

Oxid- Leak, 

Shutoff seal. Exits Nozzle 

A. None 

B. Hard start. Possible 

'• pr ebur ne r /tur b ine 

damage. Possible 
high M. R, at shut~ 
down, with turbine 
damage. 

C. Orbiter * Hard start. 

Possible pceburner/ 
turbine damage. 
Possible high M. R, 
at shutdown with 
turbine damage. 

1. Preburner pressure/temp, 
data at start and shutdown. Large 
leak would show up on pad on 
chamber temp. 

2, Review valve design to deter- 
mine whether or not a thermocouple 
could be incorporated in passage 
downstream of valve. The 
pri^erred mediod, however, is #1 
above as it makfe’b use of transducers 
already on engine for other purposes 

None 

f 

\ 

i 

GNn leak test with external ultrasonic 
prooe. Proximity of igniter oxidizer • 
valves leaves some doubt about the 
specificity of this test. 

*FURTHER STUDY HEQUIRED. 
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FIGTJHE II"5 (Contiaued) 11-15 and 11-16 

LEAKAGE DETECTION ANALYSIS SUMMARY 

MISSION PHASE CODE; MAIN- ENGINE 


A. FERRY 

B. GROUND 

C. FLIGHT 


LEAKAGE 

TYPE OF LEAK 

EFFECT OF LEAK 

DETECTION TEST METHODS ■ 

SOURCE 

AND EGRESS POINT 

UETEUTION In CONJ. 
WITH FUNCTIONAL CfUTPUTS 

SHOP OR OTHER TEST IN CONJ. 
WITH ON-BOARD EQUIP. 

SHOP OR OTHER TEST WITH NO 
ON-BOARD EQUIP. 

1, L 1, 12 - Oxid., 
Conla^ol Valve, F, P, B. 

Oxi(L Leak, 

Shuto^ Seal. Exits Nozzle 

A, None 

B, Hard start. Possible 

preburner/turbine 
damage. Possible 
high M. R. at shut- 
do^vn, with turbine 
damage. 

C, Orbitex - Hard start. 

Possible preburner/ 
turbine damage. 
Possible high M.R. 
at shutdown with 
turbine damage. 

1, Preburner pressure/temp, data 

Large leak 

would show up on. pad on chamber 
temp, 

2, Review valve design to determine 
whetl^er or not a thermocouple could 
be incorporated in passage down- 
stream o£ valve. The preferred 
method, ho^^'ever, is #1 above as it 
makes use of transducers already 
on engine for other purposes. 

None 

GN 2 leak test with external ultrasonic 
probe, Proximily of igniter oxidizer 
valve leaves some doubt about the 
specificity of this test* 

1. 1. 3. 1-1 
Ign* Oxid* Valve, 

0. P. B. 

Qxid« Leak 

Poppet seal. Exits nozzle 

A, None 

B, A large leak could 

result in igniter/ 
preb.urner /turbine 
damage at start. 

C, Orbiter - A large leak 

could result in ignitei 
preburner/turbine 
lamage at start. 

1. Preburner chamber press/temp. 

2, Review ^niter design to deter- 
mine if a thermocouple could be 
incorporated downsti'eam of valve, 

^ Preferred method is #1 -above as it 
would make use of existing 
transducers. . 

None 

GN„ leak check, with external ultrasonic 
proDB. Possible confusion with leakage 
in oxid, control valve exists. On-board 
device probably the best technique. 

1. 1. 3. 1-2 
Ign. OxlA Valve, 

F. P. B, 

Oxid. Leak 

Poppet Seal, Exits nozzle 

A. None 

B. A large leak could 

result in igniter/ 
preburner/turbine 
damage at start. 

C. Orbiter - A large leak 

could result in ignitei 
preburner/turbine 
damage at start. 

— 

1. Preburner chamber press/temp, 

2, Review igniter design to deter- 
mine if a thermocouple could be 
incorporated downstream of valve, 

/ Preferred method is #1 above as it 
' would make use of existing 
transducers. 

None 

■ 

GNo leak check, with external ultrasonic 
pr<Ae, Possible confusion with leakage 
in oxid- control valve exists. On-board 
device probably the best technique. 

L 1.3. 1-3 
Ign. Oxid. Valve, 
Main TCA 

1 

Oxid. Leak 

Poppet Seal. Exits nozzle 

A. None 

B» A large leak could 

result in igniter/maii 
C. C» damage pre- 
mature shutdown. 

C. Orbiter A large leak 
could result in ignitei 
main C. C, damage 
premature shutdown. 

1. Main Comb. Ch. Press. 

2. Igniter design should be reviewed 
to determine if a thermocouple 
probe could be incorporated down- 
stream of valve. 

/ 

None 

GN 2 or GHe leak check, with probe 
inserted in igniter tuoe. This test can be 
successful, as the igniter chamber would 
be accessible. If external ultrasonic 
probes are proven, it could be used as 
there is no valve in the im mediate vicinity 
as on the preburners. 
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FIGDrE II-5 (Contlaued) 

LEAKAGE DETECTION ANALYSIS SUMMARY 

MAIN ENGINE 


II-17 and II-IS 


MISSION PHASE CODE: 

A. FERRY 

B. GROUND 

C. FLIGHT 


LEAKAGE 

TYPE OF LEAK 

1 EFFECT OF LEAK 

1 DETECTION TEST METHODS 

SOURCE 

AND EGRESS POINT 

UIS-riUAKJJ DiilTECTION IN CONJ. 
WITH FUNCTIONAL OUTPUTS 

SHOP OR OTHER TEST IN CONJ. 
WITH ON-BOARD EQUIP.' 

SHOP OR OTHER TEST WITH NO 

1. a. 6. 1 - LHg 
Tank Press, Check 
Valve 

\ 

Fuel Leak. 

Check valve seat. Exits 
Nozzle. This valve is 
redundant to vehicle check 
valve* 

(Leakage Statement assumes 
Level 1 Redundancy is 
already leaking) 

A. None 

B. Loss of pre-pressuriza- 
tion gas on pad* 

C. Booster: No hazard 
unless a premaiore 
engine shutdown occurs, 
then it would exit the 
nozzle of dead engine 
with possible fire 
hazard up to some 
altitude. 

Orbiter; Loss of ore- 
pressurization gas. 

Pressure sensor between the two 
check valves. Record data at pre- 
pressurization and post F52. 

The sensor also provides pressurize 
tion system information. 

Observe pressure sensor via 
engine or vehicle data system 
with tank pressurized, 

j 

Tank pressurization with all other valves 
shut off; helium mass spec, test at main 
TCA (not considered a practical approach, 
but is feasible). 

By instaHatlon of several’ shutoff valves 
.and pressurization ports, complete shop 
checkout Is possible, but Is not 
recommended. 

1. 1. 6. 2 - LOX 
Tank Press* Check 
Valve 

Ok id* Leak* 

Check valve seat, exits 
nozzle. This valve is 
redundant to vehicle check 
valve. 

(Leakage Statement assumes 

Level 1 is already leaking) 

A. None 

B. Loss of pre-pfessuriza- 
tion.gas on pad* 

C. Loss of tank 
’jressurant gas ^ 
pi emature shutdown 
occurs. Probably no 
hazard* 

Pressure sensor between the two 
valves would give pressurization 
system dkta as well as data on 
check valves. 

Observe pressure sensor via 
engine or vehicle,data system 
with tank pressurized. 

Tank pressurization with all other valves 
shut off; helium mass spec, test at main 
TCA (not considered a practical approach, 
but is feasible). 

By installation of several shutoff valves 
and pressurization ports, complete shop 
checkout is possible, but is not 
recommended. 

1. 1. 7. 1-1. a 
Preburners Oxld. 
Purge Solenoid Valve 

GN2 or GHe. , 
Exits nozzle. 

Loss of oxid. backflow shut- 
off redundancy excessive 
use of GHE. If check valve 
AND this valve leak, 
possible over-presaure of 
GHe or GN„ system occurs; 
damage to lineCs), tank; 
premature shutdown of 
entire propulsion if 
common purge system used 
for all engines. 

Pressure sensor at juncture of 
1,1.7. 1-1, a, -2. a, -2*b. 

> 

Pressure sensor in conjuncGon 
with purge system gas. 

i 

None. 

(See 1. 1.6 . 1 also) 
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MISSION PHASE CODE: 


FIGURE II-^5 (Continued) 

EAKAGE DETECTION ANALTfSIS SUMXMARY 

VeAin engine 


11-19 and 11-20 


A, FERRY 
B* GROUND 
C. FLIGHT 


LEAKAGE 

TVPE OF LEAK 

EFFECT OF LEAK 


DE TECTION TEST METHODS 


SOURCE 

and egress point 

mffl'ilalm nr rna in nii7iB 

SHOP OR OTHER TEST IN CONJ. 
WITH ON-ijOARD EQUIP. 

SHOP OR OTHER TEST WITH NO 

i. 1. 7. 1-Lb 
Main TCA Fuel ' 
Purge Soloioid Valve 

GHe. 

Exits nozzle. 

Loss of fuel backflow shut- 
off redundajicy excessive 
use of GHe, If cbeck valve 
AND this valve leak, 
possible over-pre-asure of 
GHe or GNo system occurs; 
damage to line (s), tank; 
premature shutdown of 
entire propulsion il 
common purge system used 
for all engines. 

Pressure sensor at juncture oi 
1, 1, 7, 1“ 1 . b and 2, c (check valve). 

Lf cracking pressure of check valve 
is hi^h enough, use of the pressure 
dcnsor in .conjunction with the 
purge system gas could detect 
leakage* 

None. 

(See 1, 1. 6. 1 also) 

L L7, 1-Lc 
Main TCA Oxid. 
Purge Solenoid Valve 

GHe/GN2 
Exits nozzle. 

Loss of oxid, backflow shut- 
off redundancy excessive 
use of GHe, If check valve 
AND this valve leak, 
possible over-pressure of 
GHe or GN 2 system occurs; 
damage to line(s), tank; 
premature shutdown of 
entire propulsion if 
common purge system used 
for sll engines. 

Pressure sensor at juncture of 
solenoid valve and check valve 
(1. 1.7* 1-2, d 

If cracking pressure of check vaJve 
is high enough, use of the pressure 
sensor to conjunction with the 
. purge system gas could detect 
leakage. 

None. 

(See 1. 1, 6, 1 also) 

1. 1. 7. 1-1. d 
HPOTPA Seal Cavity 
Purge Solenoid Valve 

GHe 

Exits overboard lines from 
HPOTPA, 

Excessive use of GHe is 
possible. 

None 

Helium sniff test with purge 
system pressurized. 

None 

1. 1. 7. 1-1. e 
Engine System 
Purge Solenoid Valve 

GHs/GNg. 
Exits nozzle* 

A, None 

B, Possible excessive use 
of purge gas. 

C, None 

None 

None 

Periodic check with gas decay test and/ 
or external ultrasonic probe. 

1. 1.7. 1-2. a 
Oxid. Preburner 
Oxid. Met Purge 
Check Valve 

GHe/GN2 
Exits noazle. 

See 1.1.7. 1-1. a 
Also may result In minor 
mixture ratio control 
problem. 

See 1.1.7. 1-1. a 

See 1.1.7. 1-1. a 

See i. 1.7. 1-1, a 

1. 1- 7. 1-2, b 
Fuel Preburner 
Oxid, Met Purge 
Check Valve 

GHe/GN 2 
Exits nozzle, 

. 

See 1. 1.7. 1-1. a 
Also may result in minor 
mixture ratio control 

. See 1. 1. 7. l-l.a 

See 1. 1.7. l-l.a 

See 1. 1,7. 1-1. a 
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MISSION PHASE CODE: 


FIGTJUE U-5 (ContAued) 

LEAKAGE DETECTION ANALYSIS SUMMAHY 

main ENGINE 


11-21 and 11-22 


A. ferry 

B. GROUND 

C. FLIGHT 


LEAKAGE 

TYPE OP LEAK 

EFFECT OF LEAK 

detection TEST METHODS ~ ” i 

SOIERCE 

AND EGRESS POINT 

WITH FUNCTIONAL OUTPUTS ■ 



1. 1. 7, 1-2. c 
Main TCA Fuel Inlet 
Purge Check Valve 

GHe, 

Exits nozzle. 

Same as 1. 1, 7, 1-1, b 

Same as 1. 1. 7» I-l» b 

Sameas 1.1. 7.1-1. b 

Same as 1. 1. 7. 1-1, b 

1. 1, 7, 1-2. d 
Main TCA Qxid. 
Met Purge Check 
Valve 

GHe. 

Exits nozzle 

Loss of oxid. backflow shut- 
off redundancy. Excessive 
use of GHe. If solenoid 
valve and this valve leak, 
possible over-pressure of 
GHe or GN2 system occurs; 
damage to lme(s), tank may 
occur, with premature, shut- 
down of entire propulsion 
system if common purge 
system used for all engines. 

Pressure sensor at juncture of cnecc 
valve and solenoid valve. 

.1. 1. 7.1-l.c 

Same as 1, 1. 7. l-i, c 

Same as 1. 1, 7, 1-1, c 

1. 1.7. 1-2. f 
Fuel Suction Line 
Purge Check Valve 

No leak if GHe system 
pressure, is up. 

None 

Function in forward direction, is 
most significant. Can be 
accomplished witn existing suction 
pressure meas. 



L 1, 7, 1-2. g 
Qxid, Suction Line 
Purge Check Valve 

No leak if GHe system 
pressure is up, 

None 

Function in forward direction is 
moat significant. Can be 
accomplished with existing suction 
pressure meas. 

1 


1. L 8. 1 

Exteadible Nozzle 
Coolant Valve 
(Orbiter Only) 

Fuel. 

Exits nozzle. 

A. None 
B« Fire Hazard, 

C, Fire Hazard up to some 
altitude. 

1. Temp, probe downstream oC 
valve. 

None 

Helium leak test using external 
ultrasonic probe (contact). 
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FIGT]EE n^S (Continued) 

jEAKAGE detection analysis summary 

MISSION PHASE CODE; ' MAIN ENGINE 


11-23 and 11-24 


A. PERRY 

B. GROUND 

C. FLIGHT 





T 

Li:IAKALiE 

SOURCE 

TYPE OP LEAK 
AND EGRESS POINT 

EFFECT OF LEAK 

ON-BOARD DETEOTiuN IN CONJ. — 
WITH FUNCTIONAL OUTPUTS 




All Unshrouded joints 
{no carry-off ducts). 

These will by 
definition b© 

10 “^ scc/sec or 
better, normally 

Fuel, Joint seals to engine 
comp, area. 

A. None 
B» Fire hazard, 

C. Fire hazard up to some 
altitude. 

On-board GII 2 sensors in engine area 
Then shop tests to localize source* 

■HIh 

Leak test with portable ultrasonic 
detector to locate leaks. Then helium 
mass spectrometer for leakage rate. 

Oxidizer, Joint seals to 
engine comp, area. 

A. None 

B, C, None (Neglecting gros 

leakage due to seal 
failure). 

None. If engine compartment is 
} enclosed, an, O 2 concentration 
analyzer is recommended. 


Periodic Checks with an ultrasonic probe 
with system pressurized with GN 2 is 
recommended. (Microphone type probe) 

All shrouded joints 
with carry-off ducta 
and inerting- gas. 

Fuel, Joint seals, to point 
of over-board dump. 

A. None 

B. Pire hazard if above 
inerting capability, 

C. Fire hazard up to some 
altitude. 

GH 2 sensor on duct near point of 
egress. If excessive concentration' 
appears, shop test would be required 
to isolate joint. 


Helium press, test with external 
ultrasonic probe to localize leakage 
source. 


Oxidizer. Joint seals, to 
point of over-board dump. 

A. None 

B. , C, None (Neglecting 

gross leakage due to 
seal failure) 

None 


Periodic checks with ultrasonic probe 
with system pressurized with GN2, 




' 
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MISSION PHASE CODE: 

A. FERHY 

B. CaOUND 

C. FLIGHT 


FIGtIEE IX**5 (Continued ) 

LEAKAGE DETECTION ANALYSIS SUMMARY 
ACPS 


11-25 and 11-26 


[ 

TYPE OF LEAK 
AND EGRESS POINT 

EFFECT OF LEAK 


DETECTION TEST METHODS 


SOURCE 

ON-BOARD DETECTION IN CONJ. 
WITH FUNCTIONAL OUTPUTS 

SHOP OR OTHER TEST IN CONJ. 
WITH ON-BOARD EOUIP. 

SHOP OR OTHER TEST WITH NO 
ON-BOARD EOTTTP. 

2. 1. 4 - 

Bi-Propeliant Control 
Valve 

Fuel, 

Seat Seal Leak. 
Exits Nozzle. 

A. None* 

B« Fire Hazard 
C. Fire^ Hazard to some 
Altitude, 

1. GH.^ sensor in KCS compart- 
ment. 

2. Ultrasonic contact probe on 
each thruster 

Helium (or other .gas) pressuriza- 
tion in conjunction with ultrasonic 
contact probe. 

Helium leak test, with helium mass 
spectrometer. 


Qxid. 

Seat Seal Leak, 
Exits Nozzle* 

A. None 

None, unless gross leak 
occurs, and fuel leak 
also occurs, 

C. None Some possibility 
of a ''hard start" 

1. Ultrasonic contact probe on each 
thruster. 

' i 

1 

1 

Helium (or other gas) pressuriza- 
tion in conjunction with ultrasonic 
contact probe. 

Helium leak test, with helium mass 
spectrometer. 

2.1,2 - 
Igniter Valves 

Fuel, 

Seat Seal Leaks. 
Exits Nozzle, 

A. None 

3. Possible Fire Hazard. 
C. Possible fire hazard up 
to some altitude. 

Same as 2, 1*4 (Fuel) 

Helium (ox other gas) pressuriza- 
tion in conjunction with ultrasonic 
contact probe. 

Helium leak test, with helium mass 
spectrometer. 


Oxid. 

Seat Seal Leaks. 
Exits Nozzle. 

A, None 

B, None 

C, None 

Above excludes gross 
failure. 

Same as 2. 1. 4 (Oxid) 

Helium (or other gas) pressuriza-r 
tion In eonjimction with ultrasonic 
contact probe. 

Heluim leak test, .with helium mass 
spectrometer. 

2. l. 3 - 

Isolation 

Valve 

Fuel, Cbcid. 

No Egress, unless one of 
above valves leaks 

A. , B. , C. - None 
without failure (leakage) of 
2 . 1, 2 or 2. L 4. 

1. Pressure transducers in each 

circuit at jimctiire of this valve. ' 

and 2. 1, 4, 'observe with pressure 
upstream. ! 

2, Test in conjunction with 

2,1.2, 2,1*4 (recommended approaci 

Helium (or other gas) pressuriza- 
tion in conjunction with ultrasonic 
contact probe. Open control 
valve to permit flow, 

i' 

Helium leak test, with helium mass 
spectrometer. Open control valve to 
permit flow. 
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4 . Consequences of Leakage 

The first consideration in specifying the total allowable leakage of a 
system is that the system must not leak sufficient commodities to cause system 
failure during its mission duration. The orbiter stage has a mission duration 
considerably greater than that of the booster stage, and is, therefore, the 
limiting case. 

The total allowable’ orbiter component leak rates will be governed for 
each propulsion system by the following requirements: 

Main Propulsion System - Maintain internal tank pressure and propellants 
in the on-orbit tanks during the orbital mission phase. 

APS - Maintain a sufficient supply of propellants in the accumulators 
to meet the RCS thruster demands during reentry operation, and to meet 
the APU requirements. 

A/B System - Maintain a sufficient flow rate of fuel to allow proper 
operation of the turbofan engines for the approach and landing phase 
of the mission. 

The second consideration in specifying the allowable leakage is that 
of the functional loss’ of a component, assembly or subsystem from leakage 
either directly or indirectly. The direct effect of leakage from a component 
that effects it alone can be seen in the FMEA's that were presented in the 
first quarterly progress report. In general, due to the level of redundancy 
in the propulsion systems, failure of a single component will not have a major 
impact on the stage. However, from a close examination of the failure mode 
and effects analysis performed to the parts level on the critical components, 
leakage (aside from failure due to normal wear) is the major cause of a com- 
ponent failure. 

The third consideration in specifying the allowable leakage is the 
hazard presented to both ground personnel and the flight crew resulting from 
H 2 /O 2 or H 2 /air mixtures. 

The internal orbiter structural arrangement will consist of conventional 
skin/stringer/frame aircraft construction as shown in Figure II-6, The 
propulsion tankage and equipment will be enclosed in bulkhead sections which 
in turn result in a series of compartments. 

Ground support equipment .would be used to purge all compartments with 
dry nitrogen prior to launch and with dry helium just before (30 min.) loading 
propellants. During flight all of these compartments would be vented to 
ambient conditions. A mixture of gaseous hydrogen and gaseous oxygen will 
combust If both constituents are present in a concentration level above .4A, 
an ignition- source of 5 millijoules or greater is present, and the pressure 
is above 0.15 psia. 




HEAT SHIELD PANEL 
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5. Mission Phase Critical Leakage Testing 

The leak testing and associated safety operations necessary for the 
orbiter propulsion systems has been divided Into four major phases. These 
phases are as follows: 

Factory acceptance leak testing 
Pre-flight testing and purge operations 
In-flight monitoring 
Post-flight safing 

The rationale for this division is due to the OCMS requirements, GSE 
requirements, and allocation of time to conduct certain tests and operations. 
The factory acceptance testing is included to allow a baseline total allowable 
leakage estimate and to identify those tests necessary to insure low leakage 
for safe pad operations. 

The onboard systems, flight hardware and ground hardware necessary to 
accomplish all of the above mentioned tests and operations is identified 
in this section, and the details on such hardware are discussed in Section 7. 

3* Factory Acceptance Leak Testing — These leak checks are comprehensive 
survey and build-up type of testing to detect leaks in all potential 
problem areas » Design deficiencies, manufacturing problems and equipment 
malfunctions will be detected and corrected at this time. Components 
will first be tested, then built up into assemblies after which assembly 
leak checks will be performed. Finally, subsystems and systems as 
installed will be leak checked. This phase of leak testing will employ 
the airborne leak detection system (as it becomes available during system 
buildup) for those tests for which it can provide sufficient sensitivity. 
Normal ground test methods will also be employed. 

b* Pre -Flight Leak Testing - The Pre-flight leak testing of the orbiter 
stage is -that testing which takes place after either factory acceptance 
leak testing for a new stage or after maintenance for a stage returning 
from a flight. These tests would take place during the Prelaunch and 
Launch Mission Phases. 

The system integrity (leakage) checks are performed on each propul- 
sion -system in a separate operation. All purge systems are off at this 
time. The hydrogen side of the main propulsion system boost LH 2 tankage 
will be pressurized with dry Helium at a pressure of 40 psia. All of the 
compartments forward of the full bulkhead (designated in Figure II -6) 
will be monitored by the on-board mass spectrometer and ultrasonic detect- 
ors through the OCMS. The on-orbit LH 2 tankage will then be leak checked 
in a like manner. The oxygen side of the main propulsion system boost 
LOX tankage will be pressurized with dry helium at a pressure of 25 psia. 
Those compartments behind the full bulkhead will now be monitored bv the 
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on-board systems. During these sequential tests and before the valves 
at the tank outlets are activated, all instrumentation downstream of these 
compartments are monitored for any pressure build-ups. Following this 
series of tests the valving is operated to allow helium to flow into the 
propellant lines, and the ultrasonic leak detectors are monitored. Next, 
valves are opened to permit accumulators pressurization. The compartment 
located in fromt of the LH 2 tank and the aft con^artment are monitored 
during this test phase. All OCMS systems are left in an active state to . 
monitor leakage until the next major cycle. 

Prior to hazardous servicing operations at T-17 hours the system 
compartment purge GSE is connected to the vehicle and purging with dry 
N 2 is begun. Loading of the APS-GH 2 and GO 2 is the next operation to be 
performed. During such loading the compartments containing these tanks 
are monitored for the presence of leakage of GH 2 or GO 2 at 1500 psia. 

During LH 2 and LO 2 pre-chillj slow-fill, fast-fill, topping and 
replenishment operations, the vehicle will be in a vertical position. 

All compartments are being purged and the on-board mass spectrometers 
are monitored on a continuous basis. Since the crew is not yet on-board 
the orb iter, the on-board display will be monitored by TV camera. 

The helium purge system must be operating prior to the LH 2 tanking 
for thirty minutes. If tanking has begun, and the He purge system fails, 
the compartments would probably contain 99.9% He. O 2 would begin enter- 
ing the interstage through the exhaust ports and leakage areas from the 
outside atmosphere. Also, leakage from the propulsion system components 
would begin to build' up within the volume. 

c, In-Flight Monitoring. Detection, and Safina - The in-flight leak 
monitoring system must provide for detection from fire-switch #1 to GSE 
connection for post-flight tankage purging. The on-board systems must 
be operational during the boost phase when the compartment pressures 
will be rapidly changing and the docked phase which can last up to seven 
days in duration. 

As the mated stages leave the ground, mixing through the leakage 
areas is increased due to the movement of the shuttle. As the atmospheric 
pressure decreases with altitude, the compartment pressures will corres- 
pondingly decrease. Normal leakage from the propulsion system components 
would be expected to vary only slightly upon increasing altitude. Con- 
stant H 2 leakage into a compartment with decreasing pressure would cause 
an increasing percentage of H 2 . 

The ambient pressure drops below 0.15 psia (the combustion limit 
for hydrogen /oxygen mixtures) before separation of the booster and orbiter 
stages and at approximately 120 seconds from liftoff. The compartment 
pressures will reach this same pressures level at some increment after 
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this time based on the venting rate out of the compartment into the 
ambient. The most critical inflight time period from a leakage stand- 
point are these 2 + At minutes from shuttle liftoff* since this is the 
time period inflight in which leakage could result in a compartment fire 
or explosion. 

d. Post -Flight Safina - Post-flight leak testing is accomplished by ground 
crews who will first unload any propellants in the tankage and purge 
all the systems with dry helium. The compartment purge GSE will also 
be connected for a series of compartment purges with dry GN 2 . 

7. Flight System Hardware Approach 

a. Maas^ Spectrometers - Two mass spectrometers are used redundantly 
and are both located in the crew compartment. Each utilizes a sampling 
line which extends the full length of the stage, with branch lines running 
off this main sampling line for compartment sampling (Figure II-7) . 

The spectrometer operates by sampling a gas through a small orifice, 
the size of which is determined by the ambient pressure surrounding the 
equipment. When the equipment is to be used over a wide range of ambient 
pressures, the orifice size must be varied to be small for high pressures 
and large for low pressures. To utilize both spectrometers redundantly, 
a set of valves will be activated to switch the orifice size for atmos- 
phere or in-space operation. 

At the end of each branch line is a solenoid valve which is controlled 
by an electronic scanning or timing device which opens one valve at a 
time, A vacuum pump will be necessary to evacuate the main sampling line 
and to bring compartment samples past the sampling port of the mass spectro- 
meter. This is necessary for the atmospheric operation; for vacuum oper- 
ation, the sampling line will be evacuated to space by utilizing valving. 

The mass spectrometers would be an instrument such as the Perkin- 
Elmer unit utilized on the Metabolic Activity Experiment for the Sl^lab 
Program, and would occupy approximately 500 cubic inches and which weighs 
26 lbs, per instrument. The Perkin -Elmer unit is qualified for a Saturn 
1-B launch environment and operating .life of 30 days (720 hours). It 
utilizes 28 Volts - D.C. and provides a 0-5 Volt output. It contains 
a six detector unit which would be set-up for GO 2 , O 2 , N 2 , and 

He.- This instrument would have to be calibrated after each flight with 
a calibration sample taken from a gas bottle. 

The one limitation anticipated with the mass spectrometer system 
is the time required to cycle through from the aft compartment into the 
instrument. Based on an assumed velocity in a sampling line of 40 feet 
per second, it would require 4 seconds for a gas sample to be introduced 
into the mass spectrometer from the aft compartment. If the response, 
clean-up, pump, valve signals and valve actuation times are added to this 
sampling time, then the total time between compartment readings could be 
in the range of 10 seconds. 




Spectrometer/ Sampling System 
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b. Ultrasonic System - The on-board ultrasonic leak detection system 
would consist of contact sensors mounted directly to the' propellant 
ducting and pressurant tubing, probably together with directional micro- 
phones of the scanning type to provide a broad coverage of those components 
located in each compartment. 

Leakage in pressurized systems may be detected by means of the 
sound energy generated in a fluid vortices which can accompany leakage. 

The frequency of the leakage noise ranges from the audible to the ultra- - 
sonic. The ultrasonic component of the leakage noise is broadly peaked 
at a frequency of 30 to 50 Kilohertz. A sensitivity of approximately 
10“^ std cm^/sec. is anticipated, with the sensors bonded directly to 
the component to be monitored for leakage, or directly to the ducting 
near the component . 

Based on an assumed location of a sensor for every 5 to 10 feet 
of ducting, the following number would be required: 

^ Main propulsion - 44 sensors 

9 APS - 64 sensors 

• Air breathing propulsion - 18 sensors 

All of the transducers for the same diameter line or same size 
component could probably be alike; however, different types or cali- 
brations may be necessary for unlike components. Also, it would be 
important to determine the characteristic noise signal for each component 
without leakage under nominal operating conditions. The interference 
noise can also be generated by a component upstream or downstream of 
that component under observation and therefore, this noise must be pro- 
perly identified to distinguish such interference from actual leakage. 

The output of these 126 sensors will be monitored by a selector 
switch controlled and monitored by the on-board computer. 

Prior to implementation of the onboard ultrasonic leak detection 
system, a technology program would be required to characterize the per- 
formance of the system with cryogenic hardware with high background 
acoustic levels. 
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A, Measurement Requirements and Analysis 

Preliminary measurement requirements were derived from the 
Checkout and Monitoring Requirements Analysis of each subsystem 
and from the FMEA's of each LRU and ‘related components. Short- 
form preliminary measurement lists were then prepared in draft 
form. 

To obtain visibility of measurements with respect to their 
purpose, adequacy for fault detection and isolation, possible 
unnecessary redundancy, and desirable additional redundancy, a 
matrix analysis technique was developed. The working document 
for this analysis was titled "Measurement Selection Matrix", its 
primary purpose being the selection of measurements to optimize 
the checkout and monitoring function. Figure III-l presents one 
such matrix. 

The matrix shows all pertinent measurement indications within 
a subsystem that might be expected in event of a single ‘failure 
occurring in that subsystem. It also shows other usages of the 
measurements that were identified in the Checkout and Monitoring 
Requirements Analysis or in the LRU Maintenance Procedures. 

Failure criticality was included to serve as an additional piece 
of information in determining the need for a measurement. Fault 
indications were placed in the matrix cells by analysis of the 
subsystem schematic, tracing out the measurement responses to 
each potential failure mode. 

The first step in using the matrix is a column-by- column 
examination to determine if a positive indication of each failure 
exists. In the example of Figure Ill-i, failure of either of the 
LH2 check valves to close gives no positive indication of the 
failure. However, by a procedure described in the Checkout and 
Monitoring Requirements Analysis for this subsystem, Pump 
Discharge Pressure is used to detect this failure mode. This is 
noted by the checkmark under Procedural Fault Isolation in the 
matrix (cross referenced to this failure mode by the symbol a ). 

The next examination of tte matrix is again on a column-by- 
column basis to determine if unique sets of indications are 
present such that any failure can be isolated to a particular 
LRU by logical deduction. Note that although low speed of the 
turbine gives the same indications as low speed of the pump, 
this set of indications is still unique to the LRU (the turbo- 
pump assembly). If the same set of indications were present for 
a failure mode of another LRU, either a special procedure or 
additional measurements would have to be added to enable isolation 
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The next step is using the matrix is a line-by-line examin- 
ation to determine if any measurements can be removed without 
affecting the uniqueness of the sets of indications for fault 
isolationo In the example, four measuremenfs fall in this 
category. These are Gas Generator Chamber Pressure, Turbine 
Speed, Pump Speed, and Pump Suction Pressure. These are then 
considered candidates for deletion from the measurement list. 

Of these, Gas Generator Chamber Pressure and Turbine Speed are 
noted as required for control and Turbine Speed is additionally 
noted as required for compiling operating time records on the 
Turbopump Assembly. This leaves Pump Speed and Pump Suction 
Pressure as redundant measurements, subject to deletion from the 
measurement list if no other reasons for their retention can be 
discovered and defined. Also, the need for both Turbine Speed 
and Gas Generator Chamber Pressure for control should be questioned 
to determine if both are truly necessary. 

If Pump Speed is deleted as a measurement requirement, only 
Pump Discharge Pressure is left to indicate the no-rotation 
failure mode of the ptraip. If this were a higher criticality 
failure mode than the "3" noted, it would be desirable to retain 
Pump Speed as a backup measurement. In the case of the two 
higher category failure modes included in this example (Gas 
Generator External Leakage and Gas Generator Blocked Passage) 
adequately redundant indications (3) are available even when 
Pump Speed is deleted. 

In stramary, the matrix analysis technique is a recommended 
approach for finalizing measurement' selections. It was used in 
this study for the less-complex subsystems; however, because the 
approach was totally manual the matrix methods full benefit could 
not be realized through application at a system level. If 
programmed for computer usage as a design aid, it will represent 
a powerful tool for measurement requirements analyses. 

As measurement requirements were analyzed, they were tabulated 
in a suitable format. This format xjas designed to be used in 
conjunction with the OCMS Checkout and Monitoring Requirements 
Analysis (Volume IV, Appendix D) and the sensor criteria and 
requirements (Tables A-3 and A-4 of Appendix A). Together, these 
define the measurements and their usage to the extent that all 
necessary data is compiled for determining the following: 

1. Availability of suitable sensors 

2. Sensor development and technology requirements 
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3„ OCMS hardware functional requirements and distribution 

4. Data Bus traffic 

The measurement requirements tabulations are presented in 
Table A-l_ of Appendix A. A discussion of the coitunn headings 
and codes used in the measurement requirements tabulation is in- 
cluded in the same appendix, as is a tabulation of measurement 
identity codes (Table A- 2) , Measurement locations for the booster 
are shown on the' schematics' of Figures III-2 through III-5. ' In 
cases where subsystems or subsystem sections are redundant,- only 
typical case has been presented. This- has been done to enhance 
the, clarity of the. schematics by keeping the congestion to a 
minimum. 

Table III-l presents a summary of the measurement require- 
ments by measurement types. The total numbers, of measurements 
for the booster ‘and orbiter propulsion systems are 3,130 and 
1,348 respectively. Results of efforts to reduce the quantity 
of measurements indicate that the current criteria on degree of 
redundancy verification, fault detection and isolation, trend 
detection, and performance monitoring prohibit any further sig- 
nificant reduction. Therefore, .it is concluded that the present 
estimates of measurement quantities are reasonable for the ■ 
assumed baseline configuration. A relaxation in any of the above 
criteria would, however, allow a significant reduction in the ‘ 
number of measurements. It should be emphasized that when the 
final shuttle propulsion systems are designed, where checkout 
^and monitoring will be prime factors for the designer's consid- 
eration at all levels of design, a significant reduction in the 
required quantity of measurements is- likely to result. 
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MEASUREMENT SUMMARY* 



BOOSTER 

ORBITER 

MAIN 

ENG 

A/B 

ENG 

LEAK 

DET'N 

ALL 

OTHER 

TOTAL 

MAIN 

ENG 

A/B 

ENG 

LEAK 

DET'N 

ALL 

OTHER 

TOTAL 

PRESSURE 

434 

63 


182 

679 

62 

27 


121 

210 

TEMPERATURE 

168 

63 

32 

110 

373 

24 

27 

6 

53 

110 

DISCR. POSIT 'N 

266 

21 

64 

374 

725 

52 

9 

12 

263 

336 

ANALOG, POS.it 'N 

140 




140 

22 




22 

QUAN. GAGING 

14 

7 


33 

54 

2 ■ 

3 


24 ’ 

29 

FLOW RATE 

56 

7 


2 

65 

8 

3 



11 

FLAME DET'N 

42 

14 



56 

6 

6 



12 

VIBRATION 

56 

• 28 

252 

15 

351 

• 8 

12 

126 

18 

164 

CURRENT 

42 

14 


47 

103 

6 

6 


43 

55 

SPEED 

56 

21 


18 

95 

8 

9 


15 

32 

VOLTAGE 


49 


408 

457 


21 


298 

319 

GAS ANAL. 



32 


32. 



48 


48 

TOTALS 

1, 274 

287 

380 

1 , 189 

3,130 

198 

123 

192 

835 

1,348 


* Does not Include redundancy 
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B. 


Sensor Identification 


In order to match suitable sensing techniques to the 
identified measurement requirements, a sensor investigation was 
conducted. This investigation consisted of a vendor survey; 
a literature search and review of selected papers, articles, and 
reports; attendance at oral presentations by NASA contractors 
engaged in related study programs; telephone and personal 
contacts with vendors and study contractors; and in-house 
coordination with Martin Marietta groups engaged on Space Shuttle 
Phase B Study tasks. In addition, a detailed study of approaches 
to leakage detection and monitoring was completed (reported in 
chapter II of this volume) , and a trade-off study was conducted 
to determine the merits of utilizing digital output transducers 
as opposed to analog output transducers. Documents reviewed 
included the interim and final reports of recent and current 
NASA- contracted studies with objectives related to sensor 
technology -for the Space Shuttle, These studies were; 

Contract NASlO-7251 - Propellants and Gases Handling in 
Supp ort of Space Shuttle, Martin Marietta Corp. 

Contract NAS 10-7 291 - Study to Develop Improved 
Methods to Detect Leakage in Fluid Systems , J, L. Pearce 
and Associates, Inc. 

Contract NASS- 24526 - Gaseous Hydrogen Detection 
System , General Electric Corp. 

Contract NASlO-7145 - Study of Techniques for 
Automatic Self Contained Readiness Assessment and 
Fault Isolation for Ground and On-board Mechanical 
Systems , General Electric Corp. 

Contract NASS- 21488 - Evaluation and Demonstration of 
a Propellant Quantity Gaging System for Auxilliary 
Propulsion Systems , Marquardt Corp. 

Findings from this investigation and the application of 
these findings to the propulsion OGMS measurement requirements 
are discussed in the following paragraphs., 
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1. Vendor Survey 

A survey letter requesting information on advanced and 
current sensors, applicable to the Space Shuttle Propulsion 
System, was sent to the suppliers listed in Table III-2 « 
Forty-three out of the ninety-three vendors contacted responded 
with information of technical value, covering the entire range 
of information expected with a minimum of 2 vendor responses 
per type of sensor. Information derived from this vendor 
survey was used to establish a current technology base from 
which identification of the sensors required to implement the 
parameters on the OCMS Measurement List could be initiated. 

Data obtained from the vendor survey confirms that most of 
the baseline propulsion system measurement requirements can be 
satisfied by proved and widely used sensing and conditioning 
techniques. In general, considerable progress has been made in 
recent years in miniaturization, compensation techniques, and 
design for stability and reliability of sensors. Integrated 
circuit and film deposition techniques, showing up in the 
present generation of transducers, have allegedly resolved many 
of the environmental, accuracy, and calibration stability 
limitations previously a.ssociated with conventional sensing and 
conditioning -techniques. For example, sensors employing the 

Ssge principle of transduction are now making use of thin 
film deposition techniques, eliminating strain gage bonding 
agents and thus greatly improving the long term stability and the 
reliability of the transducer. One such transducer, a pressure 
transducer manufactured by Statham Instruments, uses a thin 
ceramic film deposited onto the pressure diaphragm as an 
insulator upon which four strain gages are vacuum-deposited and 
connected into a bridge circuit. 

Although sensing techniques for most of the measurement 
requirements identified in this study are available and are 
being used in production sensors, these sensors are likely to 
require modifications to provide compatible mounting configura- 
tions and/or characteristics to match the specific application. 

It would be mandatory to standardize on as few mounting designs 
and characteristics as possible, to be cost effective. 

2. Digital -Output vs. Analog Output Sensors 

It is generally acknowledged that in a system employing 
digital techniques for evaluation and transmission of data, it 
is desirable to convert signals to digital form as close to the 
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source of the signal as possible. For this reason, a digital 
output pressure transducer developed under contract to NASA/MSFC 
by Metrophysics Inc. is of particular interest. This device 
employs a built-in analog- to- digital converter to provide a 
10-bit serial digital output word upon command, at up to 500 
times per second. A common pulsed reference is provided to both 
a strain gage bridge and the converter to make the output 
insensitive to variations in excitation voltage. The concept 
can be adapted to any bridge network that can be pulsed. 

Upon an extension to their original contract, Metrophysics 
intends, to incorporate addressing, bus isolation, and limit 
comparison capability into the digital output transducer. This 
would provide interface compatibility with a data bus, allowing 
sensors to attach directly to the vehicle data bus. 

A trade-off study was made, comparing three methods of 
using this digital output transducer against the use of analog 
output transducers. The three methods of using the digital 
output transducer are shown in Figure III-6. In Method- "A", 
the transducers interface directly with the vehicle data bus. 
Method "B" interfaces the transducers to a sub or auxiliary 
data bus under control of a Digital Interface Unit (DIU) . 

Method "C" interfaces the transducer directly to the DIU, In 
Method "C" the transducers contain no addressing capability, 
but are commanded to output their serial digital words by 
individual command lines from the DIU. 

Method A has some limitations. First, the planned 
addressing capability for the transducer will allow only 30 
transducers to be attached to the data bus. Secondly, to attach 
a transducer to three or more active data busses would require 
the addition of voting logic to the address recognition capa- 
bility of the transducer. Thirdly, block data transmission, to 
reduce addressing traffic on the data bus, is not available. 

In Method "B" these limitations are resolved by the character- 
istics of the sub data bus. Thirty transducers attached to 
such a bus, controlled by a single DIU, is reasonable. More 
than one sub bus could be controlled by one DIU if necessary to 
allocate more than 30 transducers to that DIU, If these busses 
are required to be redundant, they can be operated such that 
only one bus is active at a time, eliminating the requirement 
for voting logic. Blocking of data for transmission on the 
vehicle 'data bus would be accomplished in the DIU by adding a 
sequencing capability (discussed in Chapter IV, Section A, 2) <, 
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Figure’ III-6 Methods for Interfacing Digital-Output, 

Transducers 








■ Method "C" has none of the limitations of Method "A" and 
requires no addressing capability in the transducer. In addition, 
it requires no sequencing capability in the DIU for block data 
transmission. By proper design, either method could probably be 
made as reliable as the other. 

Hardware procurement cost per measurement channel was used 
as a basis for quantitative comparison of the three methods with 
each other and with analog-output transducers serviced by a DIU, 

It was assumed that costs in addition to hardware procurement 
(installation, software, system integration, etc) would be the 
same for either method. The following estimates of hardware 
element procurement costs were made; 


a. Average cost of basic analog output transducer $350 

b. Cost per transducer to provide built-in A/D 850 

conversion 

c. Cost per transducer to provide addressing and bus 250 


isolation 

d. Cost of. basic DIU (packaging, bus interface, 3750 

self test) 

e. Cost of A/D converter in DIU 850 

f. Cost of sub data bus 1500 

,g. Cost of DIU analog input switching (per 120 

transducer) 

h. Cost of DIU discrete output to command 60 

transducer output (per transducer)- 

i. Cost of analog cabling to DIU (per transducer) 20 


Costs per measurement channel were then computed as follows; 

Method "A" cost per channel= a+b+c = $1450 

Method "B" cost per channel = a+ b v c+~rT^= $1450 + 

, were n = nuniber i„f channels 

Method "C" cost per channel= a+ b + 4+^ ^ $1260 + 




III-30 


These costs are plotted against number of channels in 
Figure These curves Indicate that the use of analog- 

output transducers will provide a lower-cost system, saving on 
the order of $600 per measurement channel over any of the 
investigated digital-output transducer methods. There may, 
however, be individual specific cases where the digital-output 
transducer will be a logical choice, based on distance of the 
transducer from the Did or simplification of engine . controller 
interfaces. Where digital-output transducers are employed. 
Methods A, B or C could be used, depending on distribution of 
the measurements and redundancy requirements. It should be 
emphasized that a simplified approach was used in this evalua- 
tion, and that the resultant tentative conclusion could possibly 
be altered by introducing factors that would be available in a 
detailed design study, 

3, Sensor Requirements 

- Sensor requirements are presented in two ways. The first 
presentation is by Sensor Criteria sheets. Table A-3 of 
Appendix A is a collection of these Sensor Criteria, or short- 
form specifications, covering all of the sensor requirements for 
the main engines. The sheets in this table are numbered to 
correspond with the Measurement Type identifications contained 
in the measurement list of Table A-1 of Appendix A. The second 
presentation of sensor requirements is by a tabular format. 

Table A-4 of Appendix A presents sensor requirements in this • 
manner for the remainder of the identified measurements. Again, 
the sensor tjrpes are identified with a code that corresponds 
with the Measurement Type identifications in the measurement 
list. 


For some of the identified measurement requirements, no 
suitable sensing technique was in production, A discussion on 
investigation of these requirements is contained in the following 
section. 
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figure III-7 Hardware Costs Per Measurement Channel 
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Co New Sensor Technology Recommendations 

In the previous section, it was pointed out that there were 
some measurement requirements identified which are not readily 
met by' application of existing sensors or developed 'sensor 
concepts with on-board equipment. The discussions in this section 
describe the investigations carried out to find solutions to 
these measurement requirements, and the resulting conclusions 
and recomendations . The references noted in these discussions 
are listed in Appendix A of Volume I, 

1. Detection of Incipient Failures 

Reference 3 reports thoroughly on a study of applicable 
sensing techniques for providing indication of component conditions, 
including incipient failure conditions. The less conventional 
techniques selected, implemented and tested on a Pratt and Whitney 
J57-P37A engine included: 

a. Engine external and internal sonic and vibration 
analysis, utilizing high temperature piezoelectric 
accelerometers and microphones. 

b. Bearing incipient failure detection, utilizing ultra- 
sonic-range accelerometers. 

c. Lube system dynamic pressure monitoring by piezo- 
electric pressure transducers. 

d. Combustion and turbine section temperature monitoring 
by electronic scanning of chromel-alumel thermocouples, 

e. Lube condition and contamination monitoring, utilizing 
electrical resistance type filters and magnetic chip 
detection. 

f. Turbine blade tip geometry monitoring by means of 
capacitive proximity transducers. 

g. Spool acceleration monitoring by inductive pick-up. 

Reference 119 reports a later investigation by Pratt and 
Whitney of existing commercially available equipment for acqui- 
sition of bearing signature data. Good results were obtained in 
the application of bearing vibration analysis to assess ball 
bearing cage condition and roller bearing race condition for the 
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RLlO rocket engine development program. Reference 66 reports on 
engine vibration monitoring by piezoelectric vibration transducers 
operating at 900°F on the Boeing 747 aircraft. E. L. .Balderston 
reports extensively on studies by the Boeing Company on acoustic 
energy and acoustic emission phenomena for detection of incipient 
failures in structures^ mechanical^ hydraulic, electrical, and 
electronic subsystems (References 63, 64, 65 and 105. 

Reference 121 reports on infrared and temperature sensing with ' 
fiber optic techniques. These techniques are expanded on, with 
discussion of actual application to turbine engine monitoring and 
control, in Reference 124. This reference describes the materials 
and construction features of an electro-.optical system with an 
access window capable of withstanding high temperatures and pres- 
sures, fiber-optic transmission lines, 'filters and electronic/ 
photoelectric sensing unit for measurement of spectral energy 
at specific wavelengths produced within jet engines. The exis- 
tence .of practical models of pyrometers using these techniques 
and applied to jet engine monitoring was confirmed through 
discussions with W. H. Marsh and B. H. Snow of General Electric's 
Aircraft Engine Group, Evendale Plant, Cincinnati, Ohio. A 
pyrometer built by this organization is being actively employed 
in development testing of . the F 101 engine for the B-1 aircraft 
to scan turbine blade temperatures during engine operation. 
d-30°F RMS accuracy is claimed. This device has been employed 
for engine instrument tests for approximately five years. Mr. 

Snow may be contacted for further information. A similar device 
is built by Land, a British firm, for the Concordia aircraft now 
undergoing certification test. 

2. Propellant Quantity Gaging 

Liquid level sensing techniques are covered in many of the 
references. Reference 70 reports on laboratory investigations to 
determine the feasibility and limitations of a method which detects 
the change in resonant frequency of a tank excited by RF energy 
as the amount of fluid in the tank varies. Reference 74 dis- 
cusses seven potential techniques for zero-g mass gaging. Ref- 
erence 131 reports on a gaging system that computes propellant 
quantity consumed by an auxiliary propulsion system by measuring 
the duration of engine firing and compensating for transient 
flows when solenoid valves are energized. Reference 129 is a com- 
plete state-of-the-art survey of Lp2 and LH 2 propellant gaging; 
it was compiled as a part of the McDonnell Douglas Space Shuttle 
Phase B Study. ' 

Contract NASlO-7258, '.'Propellant and Gases Handling in 
Support of Space Shuttle," includes a specific task to define 
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A propellant gaging system for Space Shuttle which represents an 
improvement over the Saturn V concept^ This task was not complete 
at the time of this report. 

3 . Leak Detection and Hazardous Gas Concentration Monitoring 

Ultrasonic leak detection techniques are reported in Ref- 
erences 130 and 132. Reference 130 also recommends the use of 
a cabin gas analyzer (mass spectrometer) for hazardous gas concen- 
tration monitoring on the flight vehicle during atmospheric 
flight and for ground operations. Reference 118 reports on an 
analytical study of the recommended mass spectrometer, now being 
incorporated on a Skylab experiment (M171) , Our study concurs 
in the recommendations presented in these references » 

4. Ignition Detection 


Ignition detection is needed to verify the lighting of torch 
igniters in the main engines. In the baseline engine, failure 
of one preburner to ignite can potentially result in backflow 
up the unignited path and cause an explosion. The only ignition 
detection systems we have been able to identify for this appli- 
cation would either employ light detectors (UV, IR or visible) 
looking through a suitable view window, or would detect ignition 
by means of detecting pressure rise. The ability to discriminate 
between the small differences in pressures between the ignited 
and non-ignited conditions is doubtful. A study to identify 
and assess alternate approaches for ignition detection is .recom- 
mended. A potential approach that also should be investigated 
is the use of acoustic emission sensing. Boeing has demonstra- 
ted the use of this technique for detecting combustion of a 
torch, but only in a laboratory environment. 

Additionally, there is no developed technique for assuring 
that, during igniter checkout, sparking occurs at the plug gap 
and not at some point between the exciter and the plug. We 
recommend that evaluations be conducted to der.ive a technique 
for accomplishing this function with on-board equipment. 

Potential techniques include signature analysis of igniter ex- 
itation current and discrimination of spark location by acoustic 
measurement. 

5 . Accurate Flowrate Measurement 


. Accurate flowrate measurement for rocket engines are pre- 
sently accomplished with turbine flow meters. It is difficult 



to verify the performance of such sensors prior to operational 
use. Gas spin-up test can damage the bearings of propellant- 
lubricated cryogenic flowmeters. One alternative technique 
is to use pump parameters to derive flowrate, but the resultant 
accuracy may not be sufficient, A simpler approach would be to 
derive flowrate from measurements of temperature and differential 
pressure. No sensor is available, however, that will accurately 
measure small differential pressures in high pressure systems, 

6, Recommended Technology Investigations 

•a. Acoustic/ultrasonic techniques appear to hold much 
promise for resolving many fault detection/isolation/pre- 
diction requirements not amenable to conventional sensing 
techniques. Work by Boeing has shown acoustic emission to 
be a potentially good indicator of bearing incipient fail- 
ures, Deflection measurement is a possible alternative 
or supplementary technique. Further work should be done 
to establish the feasibility of both acoustic emission and 
deflection measurement approaches in application to Space 
Shuttle propulsion system rotating machinery, and to estab- 
lish the feasibility of applying acoustic measurement 
approaches to ignition detection and igniter spark location 
discrimination, 

b„ Ultrasonic Leak Detection for both internal and ex- 
ternal leaks has been shoi-ra to be feasible, using a combina- 
tion of contact probes and microphones. There is -insufficient 
data, however, to show that state-of-the-art devices will work 
satisfactorily and maintain integrity with cryogenic temper- 
ature cycling and at Space Shuttle vibration and acoustic 
environment levels. We recommend technology work in these 
areas , 

c. Accurate measurement of small differential pressures in 
high pressure systems cannot be accomplished with today's 
technology except in the laboratory, A study to define and 
assess approaches is recommended, 

d. Igniter spark presence and location are not readily 
detected by any known technique which can be applied to 
on-board checkout. In addition to the recommendations 
presented in Paragraph a on the previous page, it is 
recommended that other approaches be identified and assessed. 
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tion current signatures to determine whether sparking is 
occuring at the spark plug gap, or at some point between 
the plug and the exciter, 

7 o Application of Sensing Techniques 

Table III-3 presents a listing of sensor applications to- 
the propulsion systems measurement requirements. Both commonly 
used and potential sensing techniques are listed. In application 
of these sensing techniques, the designers of mechanical devices 
must consider design for on— board checkout and monitoring as 
well as for function and for accommodation of stresses. Empha- 
sis needs to be placed on design to enable redundancy verifica- 
tion and to incorporate the required sensors. Valves should be 
designed to incorporate built-in proximity sensors, fiber optics, 
or contact switches for .detection of position of internal parts, 
and with provisions for ultrasonic contact probes to detect 
internal leakage. Bearing housings should be designed to 
accomodate acoustic sensors. 
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TABLE III-3 

APPLICATIONS OF SENSING TECHNIQUES 


APPLICATION 

SENSING TECHNIQUE 

REFERENCES 

Detection of out- of -balance 
conditions in rotating elements 

Sonic-Range Accelerometers 

3,57,66 

Detection of incipient failure 

Ultrasonic -Range Accelerometers 

3,63,64,65, 

in bearings, gears, and 
structural elements 


116,119 

Detection of internal and 

Ultrasonic Transducer 

65,105,116, 

external fluid leakage, 
cavitation 


130,132 

Temperature Measurement 

Thermister, Resistance Wire 

3,123 


Thermocouple 

3,68 


Fluidic Oscillator 

3,122 


Optical Pyrometer 

12i;i24 

Lube oil solid particle 

Electrical resistance type 

3 

content measurement 

monitoring filters 


Flow rate measurement 

Turbine-Type Flowmeter 

* 


Vibrating Reed Flowmeter 

122 


Positive Displacement Meter 

/V 


■Heated Resistance Meter 



Fluidic Flow Meter 

125,128 

Pressure Measurement 

Strain Gage Pressure Transducer 



Capacitive Pressure Transducer 

* 


Piezoelectric Dynamic Pressure 
Transducer 

3 


Optical Interferometer Pressure 
Change Transducer 

69 


Bourdon Tube/Potentiometric or 
Variable Inductance Transducer 

•Xm 

yw 


Fluidic Oscillator 

3, 122 


Fluidic Amplifier 

3 

* Vendor catalogs^ standard 


instrumentation reference texts. 



(continued) 





APPLICATION 

SENSING TECHNIOHE 

REFERENCES 

Rotational Speed and 

Tachometer 

* 

Acceleration Measurements 

Inductive Proximity Sensor 

3 


Strobotac 

* 

Axial and radial motion and 

Capacitive proximity sensor 

3 

clearances of rotating elements 

microwave signal attenuation 

3 


Optical/photocell or laser 

3 

Linear or rotational analog 

Potentiometer 

* 

position measurement 

Variable inductance (LVDT) 

* 


Variable capacitance 

* 


Optical Encoder 

* 


Syncro, Selsyn, Resolver 


Discrete position detection 

Contact switch 

* 


Magnetic proximity switch 

* 


Inductive or capacitive 
Triggering 

* 


Optical/Photocell 


Cryogenic liquid level 

Capacitance probe 

74, 129 

detection 

Heated resistance wire 

129 


Optical refraction 

129 


Float/Magnecic switch 

127 


RF Cavity Resonance Sensing 

70,74 

Lube oil level measurement 

Capacitance' probe 

3 


Heated resistance wire 

* 

Hazardous gas concentration 

Mass spectrometer 

97,112,118, 

detection 


130 

Flame detection 

Boroscope/photocell 

122,124 


Optical pyrometer 

121,124 

Ignition spark detection 

Boroscope/photocell 
Ignition current analysis 
Acoustic emission 

122,124 

* Vendor catalogs. Standard Instrumentation Reference Texts. 
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OCMS COMCEPT 





A. OCMS APPROACH 


The selected approach to Space Shuttle propulsion systems 
onboard checkout and monitoring is discussed in three sections. 
Criteria regarding the degree to which the checkout^ monitoring^ 
and evaluation functions will be performed by the OCMS are 
developed and presented in Section 1. Section 2 develops and 
describes the data management aspects of the OCMS approach. 
Section 3 describes the configuration, functions, and allocation 
of the Digital Interface Units which serve to interface the 
propulsion systems with the vehicle data management system. 

1, Criteria 


The following discussions develop and present criteria for 
OCMS functional capability and usage. These criteria establish 
the degree of performance of checkout, monitoring, and evaluation 
functions required of the propulsion OCMS for the various phases 
of the shuttle mission. 

a. Preflight Checkout - The purpose of preflight checkout 
of the propulsion systems is to establish an acceptable level 
of confidence that these systems will perform satisfactorily in 
the next flight. This confidence may be obtained by any means 
that will detect existing or impending component failures, and 
hence reduce the probability that a failure exists or will occur 
during the flight. With factory acceptance testing, comprehensive 
ftiflis^b monitoring, postflight evaluation of flight performance,’ 
post-maintenance retest of replaced LRUs, and monitoring during 
ground servicing operations, considerable confidence that no 
failures exist or will occur in the next flight will have been 
obtained. In particular, the inflight monitoring necessary for 
fault detection and redundancy management, performed under actual 
operating conditions in the flight environment, provides a degree 
of confidence often unobtainable by ground test. In the case of 
propulsion system mechanical elements, sufficient confidence is 
expected to exist from prior operating cycles that no special 
preflight tests to functionally check mechanical subsystems are 
necessary. In other words, if this equipment performed correctly 
throughout all its previous normal operating cycles (without 
evidence of failure, degradation, over-stress, or approach of 
end of normal lifetime) then no significantly greater confidence 
that it will again perform correctly can be obtained by testing. 

In fact, since the stresses on propulsion subsystems are primarily 
self -induced, tests requiring actual subsystem operation would 
decrease system life. Dry-system functional tests would require 
considerable simulation, would not be realistic in the absence of 
normal stresses, and would provide little additional confidence 
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over tiiat obtained by leakage checks, post flight inspections and 
by monitoring ground servicing operations such as purging and 
propellant loading. From this rationale, the following OCLK 
criteria statement was generated: 

•Preflight checkout of mechanical elements of the 
propulsion systems will be limited to verification 
of correct initial conditions for start, and to 
monitoring of the start>-up and operation of those 
subsystems which are started prior to flight, ■ 

The above rationale and criteria implies a high level of 
confidence that electronic equipment employed for inflight 
monitoring is in a flight-ready condition, i.e,, there must be 
an acceptable level of confidence that in-flight failures and 
indications of impending failure xjill be detected and isolated. 

To achieve the .requisite level of confidence, good design and 
integration of the sensors into tiie mechanical equipment is manda- 
tory, and the electrical elements must be verified prior to flight. 
The’ electronics equipment, including engine controllers and DIUs, 
is amenable to rigorous self-test and can be employed to perform 
sensor electrical checks. Therefore, the following criteria 
will apply: -■ 

oPreflight self-checks of electronic subsystems and 
elements will be performed. These checks will 
include verification of sensor electrical elements. 

The checking of sensor elements is defined to mean the 
verification of the correct sensor output for the static condition 
that exists during avionics preflight self -checking. This 
verification is expected to take a number of forms, namely; 

•For open/closed position switches, verification will 
consist of continuity/voltage checks on the normally 
closed contacts for that condition, and a verification 
that the normally open contact is indeed open, 

•Analog position indicators will be checked by verifying 
the proper voltage output for the static condition 
during self-check. 

•Sensors forming a leg of a bridge network will be 
checked by verifying correct bridge output voltage at 
self-check conditions, and may include special sensor 
leg continuity checks and/or bridge self-checks which 
unbalance the bridge to a specific self-check output 
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^Digital output transducers will be specified to. include 
self-check provisions such that upon command from its 
associated DIU, the transducer will perform an internal 
self-check and report the results to the DIU with 
reserved self-test output codes » 

'Sensors that respond to dynamic conditions will be self- • 
checked during static conditions by continuity checks and 
will be checked against back-up parameters during start 
and/or operation of the subsystem. Sensors in this 
category include vibration pick-ups, flow meters, and 
angular velocity transducers. 

Since ground servicing and checkout operations may produce 
equipment failures and will use up a portion of the life 
expectancy of time or cycle-sensitive components, sufficient 
parameter monitoring and evaluation is necessary during these 
operations to assure detection and isolation of any faults 
that occur and to record operating history when applicable. 

Since equipment will be provided onboard for these purposes 
during flight operations, it is logical to employ that same 
equipment for monitoring and evaluation of ground operations. 

Thus: 

‘Applicable system parameters will be monitored and 
evaluated by onboard equipment during ground 
operations for purposes of fault detection, 
fault isolation, and operating history recording. 

In-flight Monitoring - Performance and condition 
indicating parameters will be monitored and evaluated during and 
after engine start and in-flight for the following purposes: 

In-flight ready-to-start condition verification 

Emergency detection 

Fault detection and isolation 

Real-time trend analysis 

Operating-state history 

Performance data recording 

A precept of this study was that all inflight monitoring 
would be accomplished by onboard equipment, without reliance on 
any inflight data interface between the vehicle and the ground. 

Rationale and criteria establishing the extent to which each 
of the above monitoring and evaluation functions will be performed 
in flight is discussed in subsequent paragraphs. 
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c . In-Flight Ready -to “St art Condition Verification - In 
many cases, an attempted start of a combustion device under in- 
correct initial conditions can result in equipment damage or 
unsafe conditions. For example, an attempt to start an RCS engine 
with its bipropellant valves initially open or partially open 
would possibly result in the presence of an excessive propellant 
quantity in the thrust chamber at ignition, causing an explosion 
of the engine. In any case, an abortive start because of improper 
initial conditions will be wasteful of fuel, electrical power, 
and equipment life. For these reasons, the following criteria 
will be applied: 

♦Appropriate onboard monitoring and evaluation will be 
provided to verify, just prior to inflight start, that 
all applicable equipment and associated system parameters 
are in the correct conditions for start, 

d. Emergency Detection - Emergency detection, for purposes 
of this study, is defined as the detection of any condition 
requiring automatic action (e,g,, engine shutdown) to avoid a 
potentially catastropic effect or requiring special precautions 
or emergency procedures by the crew. Emergency detection 
capability must be sufficiently reliable to assure that the 
probability of an emergency condition not being detected is 
neglible. Further, any conditions requiring special precautions 
or procedural decisions and actions by the crew must be immedi- 
ately displayed in a manner different from routing information. 
These considerations resulted in the following criteria: 

♦Emergency detection 'provisions must be redundant, 

•Redundant caution and warning display capability 
will be provided for the following conditions: 

Loss or impending loss of major functions (main 

engine, airbreathing engine, separation, etc,) 

Flight Safety parameters exceeding safe limits. 

Loss of redundant elements. 

Hazardous leakage, 

e. Fault Detection - In addition to detection of emergency 
conditions, inflight fault detection is necessary to know when to 
switch to a redundant element. Further, inflight fault detection 
is desirable to allow any required maintenance resulting from a 
flight to be identified without resort to ground tests. Fault 
isolation for maintenance is aided by inflight detection. Also, 
some incipient failures and transient or intermittent faults may 
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be difficult or impossible to detect by ground tests because of . 
inability to accurately simulate flight conditions. Therefore: 

•Provisions will be made for inflight detection of 
failures (including out of specification performance, 
incipient failures, and transient or intermittant 

• faults) for all identifiable failure modes for 
which suitable onboard detection techniques and 
equipment are practical, 

f. Fault Isolation ~ In many cases, the operating conditions 
and actual sequence of events before, during and after a failure 
must be known in order to discriminate between cause and effect. 
Also, transient or intermittent faults may not be isolatable in 
later tests without resorting to highly realistic simulation of 
conditions and events. In some cases, fault isolation must be 
accomplished immediately after detection, to identify lost 
redundancy and to initiate the proper corrective or safing action. 
Further, it "is desirable that post flight tests for determination 
of maintenance requirements be avoided. These considerations have 
led to the following criteria; 

•Data for fault isolation will be acquired in flight, 
by onboard equipment. 

•Diagnosis for fault isolation will be accomplished 
with onboard equipment. This diagnosis will relate 
any faults to the required maintenance, and record 
on the vehicle maintenance recorder the data 
necessary to provide postflight printout of the 
identified maintenance requirements, 

•Fault isolation will he accomplished as soon after 
detection as is necessary to identify lost 
redundancy and to initiate corrective or safing 
action when applicable. In cases when no LRTJ- 
level redundancy exists and where corrective or 
safing action is taken in response to failure 
detection only, as in the case of ACPS engine 
emergency shutdown, diagnosis for fault isolation 
may be performed on stored data at a later time. 

Preferably, this type of diagnosis will be 
accomplished prior to landing, but may be delayed 
until after landing if necessary, 

g. Real Time Trend Analysis - Real time trend analysis is 
defined as any analysis of equipment condition, performed con- 
current with or immediately after the operation of that equipment, 



for the purpose of recognizing symptoms of impending malfunction. 
Effective trend analysis on any equipment item depends on a 
thorough knowledge of the modes of failure of that item and the 
detectable symptoms, if any, that precede or accompany the 
inception of failure. Impending or incipient failures may be 
evidenced in many different ways, each requiring a different 
analysis technique. All such techniques require data extrapolation; 
comparison with models, reference signatures, tolerances, or 
past data points; probability matrix solutions; or combinations 
of these and other techniques such as computation of moving averages, 
moving ranges, etc. Techniques must therefore be suggested by 
and adapted to the specific symptomatic effects evidenced by 
individual equipment items. The techniques for trend analysis . 
are costly in terms of processing loads and computer memory 
capacity, therefore: 

.Real time trend analysis will be performed only 
for those failure mode cases where it would 
result in avoidance of significant damage or in 
early initiation of precautionary action to cope 
with an impending emergency condition. 

Non-real time trend analysis, performed on recorded performance 
data, is discussed under the subject of Performance Data Recording, 
in paragraph i below, 

h. Operating Histories - Where a strong correlation exists 
between an LRU's performance and its operating history (i.e., the 
variance of operating history before failure is small) , replacement 
bas’ed on operating history is an effective way of increasing mission 
reliability. This is a particularly valuable approach in cases 
of identical redundant LRUs having a strong correlation of per- 
formance with operating history. The stronger the correlation, 
the higher the probability that all of the identical units will 
fail during the same flight. Therefore: 

.Where correlation exists, or is likely, between an 
LRU's performance and its operating time, stresses, 
nimber of on/off cycles, number of revolutions of 
strokes, or combinations of these, a history of 
operation of the LRU will be maintained in computer 
storage so that when an LRU's operating history 
exceeds the limit for that LRU, a post-flight 
printout will provide notification of required 
replacement. These operating histories will not 
be continuous, but will be periodic or on-condition 
updated totals of accumulated time, cycles, etc., 
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at discrete states (on, standby, NPL, MPL, etc.) or 
discrete stress levels (207» over temperature for 
example) , , 

i. Performance Data - In the discussion of preflight 
checkout in paragraph "a" above, criteria were developed to limit 
the extent of preflight checkout of mechanical elements of the 
propulsion systems. This limitation was based on ability to 
assure a sufficient probability of mission success by other means, 
including verification of flight performance. Much of this 
verification is accomplished by automatic inflight evaluation as 
discussed in previous paragraphs. However, the need for extensive 
computer processing capacity, as well as the need to rely on 
human intelligence for many performance evaluation tasks,, makes 
comprehensive inflight evaluation of performance .reasonable. A 
previously stated precept is that no inflight vehicle-to-ground 
interface for performance data transmission will be provided. 

The Electronics Design Reference Model, however, assumes maintenance 
recording capability sufficient for storage of propulsion systems 
flight performance data. Recorded flight performance data may be 
evaluated after the flight to verify inflight diagnosis, identify 
incipient failures, identify and analyze trends, and obtain data 
for design improvement. Therefore: 

-Propulsion systems flight performance data will be 
acquired and recorded on the vehicle maintenance 
recorder to enable postflight evaluation for 
verification of inflight diagnoses, identification 
of incipient failures, and identification and 
analysis of trends. 

j* Post Flight Evaluation - The onboard equipment for in- 
flight control and monitoring inherently provides the capability 
for ground control and monitoring for servicing operations such 
as purging and propellant loading. It also provides processing 
capability, mass storage, and recording provisions that can be 
used for ground data processing. Due to safety considerations 
during hazardous operations, and possible crew-compartment con- 
gestion from personnel engaged in maintenance and servicing 
operations, control and display capability external to the vehicle 
will be required for many ground operations. For these reasons, 
the following criteria were developed: * 

-Inflight type monitoring and evaluation will be 
continued until completion of shutdown operations. 

Servicing programs then will be loaded into the 
onboard computers, replacing the flight programs. 
Flight-recorded data will be sorted, edited, and 
evaluated by the onboard compute^ complex to 
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produce maintenance printouts, trend analysis 
results and performance data records, categorized 
by suitable equipment groupings (such as main 
engines, airbreathing engines, APS thrusters, etc.) 

•Suitable ground connections to the vehicle data 
bus will be utilized to provide for transmitting 
commands and data between ground remote control 
and display provisions and the vehicle central 
computer complex, 

k. Maintenance Retest - One of the assets of the onboard 
checkout and monitoring system is that it permits the elimination 
of a large part of the ground support equipment that is tradition- 
ally required for ground maintenance operations on electronic 
flight equipment. This is accomplished by using the onboard check- 
out equipment for retest of replaced propulsion units, in addition 
to the self -check of any replaced onboard checkout units. When 
maintenance is required on the onboard checkout equipment, that 
equipment will be retested before any replaced propulsion elements 
are retested, 

•Maintenance retest of replaced LRUs employs the onboard 
checkout function to automate the retest procedures and 
to minimize the ground support equipment requirements. 

1. Control and Checkout Processing Integration - The 
traditional checkout processing concepts apply to the OGMS until the 
start-up procedure is initiated or after the shutdown of a sub- 
system is complete. During actual operation of a subsystem, 
however, the checkout function and the control function become 
very intermingled. This intermingling is well illustrated by 
the Control Sequence and Logic diagi'ams presented in Volume II 
of this report. In addition to the monitoring required for 
closed-loop control, parameters are monitored and processed for 
control of redundancy and for emergency shutdown initiation. In 
order to determine data processing requirements for active sub- 
systems, criteria relating the processing of checkout and monit- 
oring functions to the processing of control functions had to be 
established. 

Three possible ways of processing checkout functions in 
conjunction with control processing were investigated, using a 
single example control problem. The example problem is concerned 
with a thruster having a valving arrangement such that several 
valves must be opened in sequence to operate the thruster. It 
was assumed that backup capability exists in the form of redundant 
thrusters for use in case of malfunction of the first. One 
approach to control and checkout processing for this example is 
to allow the control processing to be independent of checkout 
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processing, doing its own logical checking to assure it is 
functioning properly^ The checkout function then becomes a 
monitoring of the control processor's activity. This approach 
is illustrated in the flow chart of Figure IV-1. 

A second approach is to let the control processing simply 
sequence the thruster on and verify that it is running, while the 
checkout processing runs independently to monitor actual signals 
and set a No-Go indicator if necessary. Under No-Go conditions 
one of the processors, controller or checkout, must determine the 
redundant status of the system and initiate a new sequence if 
possible. This approach is illustrated in the flow chart of 
Figure IV- 2. 

A thxrd approach rs to combxne the checkout and control 
processing into one sequence as shown in Figure IV -3. 

These three alternatives indicate that there must be some 
center of responsibility for correct overall system operation. 

It is not the normal control function to provide data management, 
yet this will be required if the control function is to catalogue 
and utilize the redundant capabilities of the hardware. Likewise, 
it is not a normal checkout function to interpret commands and 
perform actuation of hardware in response to those commands. But, 
as shown in the first two alternatives, the checkout function 
must at least know what should be^ done in response to these 
commands. The approaches which separate checkout and control 
processing require that both processors need to know the entire 
control sequence. Also, since the control function and checkout 
function must operate together, there must be communications 
between the two. This indicates approximately twice the data 
processing storage requirements of the integrated approach. 

The conclusion drawn is that the most efficient- approach 
toward onboard checkout of active subsystems is to integrate the 
control function and the checkout function. Therefore; 

.Control and checkout will be treated as a single 

function for purposes of computer processing. 
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Figure IV-1 Checkout and Control Processing Approach 1 
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Figure IV-2 Checkout and Control Processing Approach 2 
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Figure IV-3 Checkout and Control Processing Approach 3 
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2, Data Management 


The following paragraphs describe the data management ele- 
ments of the .electronics design reference model and the relation 
of each to the overall system. In the interest of attaining 
maximum continuity in this section, some of the information pre- 
sented in the Electronics DKM (Volume II, Chapter II, Section D) , 
will be repeated here. 

Figure IV-4, DEM Electronics System, is a block diagram of 
the non-redundant electronics model. Redundancy is discussed in 
subsequent paragraphs. This particular model was chosen because 
it is a straightfors^ard concept that satisfies the basic criteria 
of using a data bus system to eliminate the massive wiring har- 
nesses of a point-to-point system, and achieves maximum system 
flexibility with minimum remote hardware. The resultant vehicle 
data bus traffic and computer processing loads are relatively 
high as shown in Section B of this chapter. An evaluation of the 
overall vehicle requirements will be necessary to ascertain the 
desirability of a modified model to preclude a data bus or pro- 
cessing limitation, 

a. Central Computer Complex - As suggested by the size of 
the block representing the vehicle control computer complex, it 
is the key figure in this system. All propulsion checkout and 
monitoring functions, with the exception of those accomplished 
by the engine controllers, are under the direct supervision and 
control of the central computer complex (CCC) ; it is_a selective, 
specific response on-demand system. All actions are initiated 
by the CCC, and only at the time they are needed. There is no 
cyclic or multiplexed data acquisition or distribution sequence. 
All data bus communications are between the CCC and the remote 
units, never .'between two remote units. For the purpose of esti- 
mating computer processing loads, it is assumed that the CCC 
would have a processing speed of 2 microseconds per instruction. 


It was further assumed that each central computer 
has a memory size of 64K thirty two bit words. It is estimated 
that the propulsion function would require approximately 9K of 
the central computer's core memory if the software was imple- 
mented in assembly language, 

h. Data Bus - The digital data bus is the communication 
link between the CCC and the remote digital interface units. 

From the peak data bus traffic estimates developed in Section B 
of this chapter, each data bus has been defined as a one megabit, 
biphase, twisted pair bus, 

c. Digital Interface Units - The digital interface units 
(DIUs) are the system elements which provide the interfaces 
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between the digital data bus and the propulsion system elements > 
or peripheral units such as the recorders, display computer, and 
the crew control and display panel. Those DIUs which service the 
propulsion elements perform functions including: 

/ 

Control - decode digital commands from the' CCC and generate 
stimulus for a propulsion element, typically in the form of 
a discrete voltage. 

Data Acquisition - select the desired signal input from the 
decoded measurement request, signal condition the input as 
required, convert analog signals to digital data and format 
the digital data into intelligible responses to be reported 
to the CCC, 

In addition, the DIUs are required to be self-checking so 
that faults may be isolated between the electronic elements and 
propulsion elements of the system. DIUs are internally redundant 
only to the extent that no single failure will result in the 
erroneous execution of a critical function (e.g, close a fuel 
isolation valve during main engine operation), and that the data 
bus interface circuitry is quadruply redundant. They have been 
identified in 'this manner to simplify the self-check requirement 
as well as for reasons discussed in the DIU allocation criteria 
of Paragraph 3 below, - . 

The DIUs are under the power control management of the CCC 
and are powered do^m when not in use; e.g., OrlS engine-DIUs are 
not powere^ up on a Ferry flight, DIUs accept standard vehicle 
power (28 ~ 4 'VDG) and condition that to satisfy only its ov;n 
power requirements. Circuit breakers provide back-up power' 
control to provide emergency shutdown capability and to facilitate 
maintenance operations. 


d. Remote Processors - The engine controllers for the main 
and airbreathing propulsion systems are discussed in depth in 
Volume II, Chapter II, Section D, and xvill not be further dis- 
cussed here. The data management DiSl treats tnose engine con- 
trollers like any other DIU. The display and recording. require- 
ments are presented in Section C of this chapter. The CSD func- 
tions are also discussed in this chapter, 

e. Communications Sequences - The communication sequence 
betx-7een the CCC and a DIU is shovm below and is described in 
ensuing paragraphs. 
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1. Command a DIU to Execute an Action 

a) GCC to DIU: Instruction for action 

b) DIU to CCC: Recirculate for verification 

2. Data Acquisition 

a) CCC to DIU: Measurement request 

b) DIU to CCC: Recirculate for verification 

c) CCC to DIU; Data request 

d) DIU to CCC: Transmit data 

To command a digital interface unit to perform as action 
(such as closing a valve) a four byte command is sent, and re- 
circulated back to the CCC in formats described in Table IV-1. 

To acquire data from a DIU (such as a line pressure) a four 
byte command is sent to the DIU and recirculated. After an 
appropriate time delay to allow the DIU to make the measurement, 
a three byte data request is sent to the DIU which returns data 
(typically in four byte format) rather than recirculating the 
command . 

To obtain the regularly scheduled engine controller informa- 
tion (discussed in the previous section) , a three byte command 
is sent to the engine controller DIU and the information is 
returned using as many bytes as necessary (within the format 
limitation) to return that particular set of information. 

The information sent from an engine controller is grouped by the 
frequency at which it is sent (for example, all data sent at a 
rate of 10 times per second is sent in one transmission) , 

Information that can be grouped will be available in one 
transmission rather than in separate transmissions. Such block 
data handling techniques have been defined for the engine 
controllers and can be employed by the other DIUs, either if 
sequencing capability is added to the minimum hardware unit, or 
if the data being acquired is in digital form at the DIU input. 
Where the DIU inputs are analog voltages requiring analog to 
digital (A/D) conversion, the extra step to add sequencing is 
inexpensive considering the resultant reduction in data bus 
since the DIU needs a clock for the A/D converter 

anyway . 

f. Redundancy - To satisfy the electronic system fail- 
operational, fail-operational, fail-safe redundancy criteria, 
the model presented in Figure IV-5 was defined. The basis for 
the OCMS redundancy philosophy is the concept of using an element 
of the system until it exhibits an indication of abnormal 
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TABIjE IV- 1 
DATA BUS FORMATS 


CCC to DIU 







— Add] 

— Functi( 
ress (1 b; 

L Parity (1 byte) 
— Data (0-7 bytes) 

3n (1 byte) 
yte) 


This format is sent to the DIU's for two reasons; 

1) Command the DIU to some action (stimulate, perform a 
measurement, self check, etc.); in this case the message 
is recirculated back to the CCC in its entirety. 

2) Request data (sent after a DIU has had time to make a 
measurement per a command); in this case the DIU returns 
a data message as shown below. 


DIU to CCC L__J [ 

, L Parity (1 byte) 

— Data (0-32 bytes) 

^ Address (DlU's own address, 1 byte) 

This is the format used by the DIU's to send measurement data 
to the CCC, and is also the format used to send information 
from an engine controller via a DIU, 


NOTES ; Each byte is nine bits long; 8 bits data, 1 bit parity. 

A DIU cannot initiate a transmission. It must receive a 
message from the CCC (of the top format above) which it will 
respond to with the data it has to transmit. 



Figure lV-5 DKM Electronics Redundancy 
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operation, then switching to a redundant element. This technique 
lends itself to simplicity of operation and easily defined system 
control. It also implies a requirement for a high level of con- 
fidence in the ability of the system to identify anomalies in 
operation. This requires a high degree of reliability in the 
checking elements and the self-test procedures of the system, 
as well, as a thorough knowledge of the failure modes of the sys- 
tem elements. However, this requirement is less severe, than in 
the case of simultaneously operated redundant elements using 
voting techniques. 

The redundant model consists of four vehicle computers, 
four vehicle data buses, four power buses, and a number of DIUs 
that is compatible with the redundancy and criticality of the 
corresponding propulsion elements. Although all four computers 
are assumed to be available and are always connected to the data 
buses, only three would be required by the system for compatibil- 
ity with the propulsion DKM. For this reason, the redundancy 
model shows three computers connected to the comparator circuit 
(MARC) and to the bus output control circuit (BOG) . The fourth 
computer could be assigned entirely to non-propulsion activity 
until such time that one of the other three failed. At that 
time, the fourth computer would be reloaded and brought into 
synchronization with the other two, to replace the failed unit. 

If effective use cannot be made of the fourth computer when it 
is not required for propulsion duty, or if the reload and syn- 
chronization process proves cumbersome, then the following 
discussion would be extended to include all four units. 

The health of the three units performing propulsion functions 
is assessed by a memory access register comparator (MARC) which 
compares the contents of that register between all three computers 
and by computer self-checks. Since all three computers run the 
same programs and are synchronized by a common clock, the contents 
of 3-11 three registers will be identical, barring errors. There- 
fore, by monitoring those registers with MARC, a defective com- 
puter, or a defective comparator element, would be identified 
and isolated from the system. Figure IV-6 shows the logic for 
MARC decisions. 

While all three computers perform the same functions, only 
one has output bus control at any given time, and is designated 
the command computer by the ^us £utput £ontrol circuit (BOC) . 
Computer status, as determined by MARC, Is the basis on which 
the command computer is selected. In the event of a computer 
failure, command status would be transferred to the next logical 



Bus System 
MARC Status Control Status . 


1 

2 

3 



OK 

OK 

OK 

A 

All OK 

OK 

NO 

NO 

A 

C Failed 

NO 

OK 

NO 

A 

B Failed 

NO 

NO 

OK 

B 

A Failed 

OK 

OK 

NO 

A 

3 Failed 

OK 

NO 

OK 

B 

2 Failed 

NO 

OK 

OK 

C 

1 Failed 


Unknown 


NO NO NO As Is 
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unit. The suspected unit would be self-checked - and-, upon failing 
that, would be replaced by the fourth unit. Should the suspected 
unit pass the self-check, it would be re-synchronized and given 
an opportunity to continue operation. At the next demonstration 
of abnormality, the suspected unit would be replaced and removed 
from further operation. 

In the event of a second computer failure, the two remain- 
ing units would continue to be monitored by MARC, with the results 
of a self-check acting as the principal referee in case of disagree- 
ment between the two units. In addition, crew selection capability 
would be provided to execute an override if deemed necessary. The 
criteria for the crew's decision would be embodied in the ration- 
ale that, if all indications are normal at the time of computer 
disagreement, leave it alone. 

marc's output circuit to the bus output control circuit is 
required to be latching, such that a failure resulting in the loss 
of marc's decision-making capabiliity would leave the system in 
the last selected command state. 

The four vehicle data buses are used in a fashion similar 
to the use of the central computers. The buses are used one at 
a time until an abnormal indication is exhibited by the first 
bus, then operation is switched to a redundant bus. The logic 
for this process is shown in the flow chart of Figure IV-7. 

DIU redundancy is handled in an analogous manner, except in 
this case the system has the benefit of DIU self-check to assist 
in the decision-making process of determining whether or not a DIU 
is defective and should be replaced by a redundant unit. In cases 
where redundant DIUs do not exist, those DIUs would have been 
servicing redundant propulsion elements, hence the next level 
of redundancy would be called into service by commanding a re- 
dundant, DIU-propulsion unit. 

g. Data Processing - The computer processing requirements 
were analyzed and it was determined that for data bus control, 37 
CGC instructions were required to send a command to a DIU and 31 
instructions were required to obtain information from a DIU. Thus, 
to obtain a measurement from a DIU, a total of 68 instructions 
must be executed to. send the commands, receive the data, and to 
verify the correctness of the transmissions. The makeup of the 
68 Instructions is as follows; 
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• 5 instructions to initiate a measure command 

• 5 instructions to initiate a data retrieval command 

• 12 instructions to handle the command Input/Output 
request 

- ' 13 instructions to handle the data Input /Output request 

• 20 instructions to receive the recirculated command and 
- verify its source as correct 

• 13 instructions to receive the data and verify that it 
was obtained from the correct source 

The actual checkout programs are assumed to consist of_, on 
the aver age j 20 instructions for each command given or measurement 
taken. This is based on having straight-forward assembly language 
programs doing the checkout function. It does not take into 
account any system overhead which may be required by the CCC. 

This approach imposes the highest load on the data bus of 
any system that was evaluated. This is because each logical data 
transfer requires 4 transmissions: 

CCC to DIU - setup for measurement 

DIU to CCC - recirculation for verification 

CCC to DIU - request data 

DIU to CCC.- send data 

Also^ since there is no fixed transmission cycle^ the pro- 
cessing load is heavy because each message must be formatted each 
time it is sent. However this system gives significant flexi- 
bility since any DIU can be contacted at any timej also^ it is 
the simplest in terms of hardware since the DIU need only respond 
to its address and requires no data buffer. The CCC Data Bus 
Control is simply an Input/Output device, not a timing or multi- 
plex device. Additionally, since the address is checked on every 
transmission, the error detection -techniques will be the simplest 
possible . 

In summary, the data management system results in a checkout 
and monitoring function characterized by high data bus loads and 
high control processor usage, but also with good system utiliza- 
tion, maximum, flexibility, and a minimum of remote hardware. The 
data bus traffic and computer processing estimates of Section B 
of this chapter are based on this system. 
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ho Recommeiidations - A number of other approaches were 
given consideration in this study, each with advantages and dis- 
advantages as compared with the reference modele The following 
items (which depart from the highly desireable characteristics of 
the model only to the extent of adding a small amount of hard- 
ware) are recommended for adoption 'in the final OCMS design for 
the stated reasons: 

1, incorporate sequencing at the DIU level to accomodate 
block data transfer capability for analog sensor outputs 
which lend themselves to this technique. This would result 
in reduced data bus traffic and somewhat reduced processing 
loads It would also simplify the communication sequence 
required to perform a DIU self-check. 

2. Incorporate a DIU interrupt scheme. This would consist 
of a unique Interrupt line from each DID to the central 
computer. A nxamber of benefits would result: 

a) In the design reference model system, the central com- 

• puter is required to execute a time delay of appropriate 

length after it has given a DIU a command to perform a 
measurement. At the end of that time delay, the CCC may 
then request data from the DIU, If a DIU interrupt were 
available, it would be used to signal the completion of 
a measurement to the central computer, thereby relieving 
the CCC of the processing required to execute a time 
delay while waiting for a DIU to complete a measurement. 

b) In the model system, the engine controllers rely on 
special codes which are inserted (in response to trans- 
missions) to signal an anomaly in engine operation. These 
responses are possible only at the times that they are 
scheduled by the CCC. By adding an interrupt system, the 

• engine controllers could iimnediately notify the CCC of 
an anomaly in engine operation. This would add another 
■ layer of caution and warning redundancy, since the inter- 
rupt system' would be independent of normal communications 
on- the data bus system. 

c) In the reference system, each piece of data that is 
acquired by the DIUs must be evaluated by the CCC to 
determine whether or not that data is within specified 
limits. By adding hardware comparators to the DIUs, in 
addition to an interrupt system, the DIUs would be capable 
of evaluating acquired data. Then, instead of transmitting 
the data over the data bus system, the DIU could report go 
status via the interrupt line. This would result in a 
significant reduction in data bus traffic as.-well as CCC 
processing load. 
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3„ DIU Allocation ^ 

Subsequent to definition of the OCMS measurement require- - 
ments and location of the measurements on working schematics, 
the measurements were allocated to 25 DIUs of five basic types 
for the orb iter. The following criteria were used: 

a) DIUs are located as near as possible to the associated 
propulsion element(s) to minimize wire lengths, 

b) DIUs are at least as redundant as the associated propul- 
sion elements. 

c) DIUs shall possess as much commonality and interchange- 
ability as -possible. 

d) Engine controllers are considered to be DIUs, 

e) Redundant DIUs are physically separate to guard 
against catastrophic loss of total capability. 

£) Sensor redundancy is based on the same criteria as 
DIU redundancy in addition to the criticality of the 
associated propulsion parameter. 

The 20 DIUs (plus the five engine controllers) thus iden- 
tified are described as follows; 


Equipment Serviced DIU Numbers 

Forward RCS engines 1, 2, 3 
and forward APS pro- 
pellant management. 


Aft RCS engines and 4, 5, 6 
APS propellant man- 
agement , 


Redundancy Arrangement 

Each DIU services one RCS 
engine per engine module, 
for a total of 5 engines 
per DIU, In addition, 
each DIU services all of 
the forward APS propel- 
lant management equipment 
in a triply .redundant 
arrangement. 

Same as for DIUs 1, 2, and 
3, but for the aft equip- 
ment. 


OMS engines 


7, 8 


APS propellant con- 9> 10, 11 
ditioning. 


Each DIU services all 4 
of the OMS engines on a 
primary/backup basis. 

Each DIU services one sec- 
tion of the triply redundant 
subsystem. 



XV-26 


Equipment Serviced 
Airbreathing engine 
propellant manage- 
ment 

DIU Numbers 
12, 13, 14 

Redundancy Arrangement 
Each DIU services one sectior 
of the triply redundant sub- 
system. All three service 
the quad feedline valves 
to the engines on a primary/ 
backup basis. 

Aft main propulsion 

15, 

16, 17 

Each DIU services the same 
parameters in a triply 
redundant arrangement. 

Forward main .pro- 
pulsion. 

18, 

19, 20 

Same as for DIUs 15, 16, and 
17, but for aft equipment. 


The DIU allocation is shown in diagram form in Figure IV-8» 
The quantities of measurements of different types serviced by each 
DIU are shown within the block representing the Dills. ”L'' indi- 
cates position measurements; "P” pressure; "T" temperature; "V" 
voltage; ”1"^ current; "Q" quantity; and "0" other. 

Detailed allocation of measurements to DIUs for the orbiter 
are included in the measurement requirements tabulation. Table 
A-1, Appendix A, 

By applying the same allocation criteria to the booster, 
the following allocations were made for each boom: 


DIU Numbers, 

Equipment Serviced 

1, 2, 3 


RGS engines and forward APS propellant 
management . 

4, 5, 6 


Forward separation engines. 

7, 8, 9 


Hydrogen or oxygen conditioning 
subsystem. 

10, 11, 

12 

Aft separation engines. 

13, 14, 

15 

Auxiliary power units. 

16, 17, 

18 

Aft main propulsion system (other 
main propulsion system split among 


other DIUs) 


Redundancy arrangements on these DIUs is the same as for 
parallel- units on the orbiter. The total complement of booster 
DIUs is 57, i.e.,, 18 per boom x 2 = 36, + 7 airbreathing engine 
controllers, + 14 main engine controllers. 



Figure XV-8 Orbiter DIU Allocation (less engine controllers) 
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Figure IV-9 Sample DIU - Simplified Ulock Diagram 
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B. DATA BUS TRAFFIC AM) PROCESSING LOADS 


The following paragraphs present the results of the main 
engine subsystem data analysis, an example illustrating the 
development of peak period data bus traffic and computer 
processing loads by applying the data management design reference 
model to a portion of the main engine controller data output, 
and finally a graphical presentation of the peak period traffic 
and processing loads contributed by the propulsion systems of 
the shuttle stages. 

1. Main Engine Subsystem Data Analysis 

The results of the analysis of the main engine subsystem 
data rates are presented in Table IV- 2 , and are sianmarized in 
Table IV- 3 . As evidenced by the column headings of Table IV- 2 , 
these results include the specification of internal engine 
controller sample rates, engine controller to vehicle data bus 
transfer rates, resultant vehicle data bus traffic during start, 
steady-state, and shutdown intervals, in addition to notes 
pertaining to data usage. 

2, Peak Traffic and Processing Load Development 

The following example illustrates the application of the 
OCMS data management model to the regularly scheduled main engine 

controller- to-vehicle data bus data (see Table IV- 2). The peak 

period vehicle data bus and computer processing estimates 
presented in Figures IV-10 through IV-15 were developed using 
the same techniques. The specific data selected for this example 
is the regularly scheduled data during steady- state main engine 
operation which has a total data rate (not traffic rate) of 
4448 bits per second (BPS) . By referring to our model we 
observe that the following rules apply to this case: 

a) To obtain data from the engine controller, a data 
request containing one byte of address, one byte of function 
code, and one byte of parity is sent by the central computer 
to the engine controller. A data request, then, becomes 

3 Bytes X 9 Bits/Byte = 27 Bits. 

By multiplying the data request by its transfer rate 
the traffic due to a data request is calculated. The 
function code of the d.ata request will specify a block of 
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data .of the same transfer rate to be transmitted by the 
engine controller in its data response. The limitation on 
the size of a block of data that can be reported simultane- 
ously is the format restriction on the maximum number of 
. data bytes allowed. 

b) • Engine controller data responses contain one byte of 
address, up' to 32 bytes of data, and one byte of parity. 
•Engine controller -words are defined to be 16 bits in length; 
11 bits of data, 1 bit of sign, and 4 bits of identifica- 
tion , Vehicle data bus bytes are defined by the model to 
be 9 bits in length (8 bits of data plus 1 bit of parity) ; 
therefore, an engine controller word would occupy two 
vehicle data bus bytes. A maximtmi data response would be 

34 Bytes X 9 Bits/Byte = 306 Bits. 

- ■ Again, the traffic due to a data response -is found by 
multiplying the number of response bits by the transfer 
rate. 

The first step in the process, then, is to examine the 
data rate analysis for common rates. Table IV-2 reveals that 
during steady state engine operation there are 39 parameters 
which are regularly scheduled to be reported at a rate of 2 
samples/second, and 10 parameters which are reported at a rate 
of 20 samples/ second. Each of these parameters are 16 bits or 
2 vehicle data bus bytes in length, hence 16 parameters of the 
same rate are blocked together to fill the 32 byte maximum data 
format. It follows that the traffic calculations are: 

a) First 16 parameters at 2 samples/second. 

Data request = 27 Bits X 2/second = 54 BPS 

Data response = 306 Bits X 2/second = 612 BPS 


666 BPS 666 BPS 


b) Second 16 parameters at 2 samples/second. 
Same as a) 


666 BPS 
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c) Remaining 7 parameters at 2 samples/second. 

Data request = 27 Bits X 2/ second = 54 BPS 

Data response = 16 Bytes X 9 Bits/By te 

X 2/ second = 288 BPS 

342 BPS 342 BPS 

d) 10 parameters at 20 samples/second. 

Data request - 27 Bits X 20/second = 540 BPS 

Data response = 22 Bytes X 9 Bits/Byte 

X 20/second =3960 BPS 


4500 BPS 4500 BPS 


total 6174 BPS 

The preceding calculations demonstrate the application o£ 
the model system overhead to raw main engine controller data. 

The raw data rate of 4448 Bits/second, for regularly scheduled 
data from a single engine controller during steady state 
operation, translates to a vehicle data bus rate of 6174 bits/ 
second. In the case of the booster, which has fourteen main 
engines, the total vehicle data bus traffic for this block of 
data would be 14 X 6174 BPS = 86.4 KBPS. 

By proceeding in a similar fashion through the remainder of 
the main engine data, and that from other applicable subsystems, 
the peak vehicle data bus traffic and computer processing loads 
shown in figures IV-10 through IV-15 were calculated. As indi- 
cated in these figures the traffic on the vehicle data bus system, 
due the propulsion system activity, peaks during main engine start. 
For the booster, that traffic peaks at approximately 430 KBPS, 
which corresponds to 437» of the vehicle date bus capacity. By 
the time liftoff occurs (approximately 2.5 seconds after the 
traffic peak) the main engines attain steady-state operation and 
the data bus traffic reduces to a steady-state level of 380 KBPS 
which is 38% of the vehicle data bus capacity. This is based on 
the reference booster for this study which baselines fourteen main 
engines. The results of the Phase B studies to date indicate a 
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requirement for only twelve main engines on the booster. With this 
configuration, the peak date traffic would reduce in essentially 
the same ratio as the reduction of main engines. That is, the peak 
traffic during main engine start would become 12/14 X 430 KBPS = 
368.5 KBPS, or- 36.8% of bus capacity, and the steady-state value 
during main engine burn would be 12/14 X 380 KBPS = 325 KBPS or 
32.54 of bus capacity. After approximately three minutes of 
booster main engine operation, the propulsion generated data bus 
traffic reduces to a level of about 6 KBPS or 6% of capacity. 

The peak central computer processing loads contributed by 
propulsion activities on the booster also occur during main engine 
start. That peak of 76% of CGC processing capability during main 
engine start reduces to a steady-state value of 62% by the time 
liftoff occurs. With the Phase B study baseline of twelve booster 
main engines, these values would reduce to about 65% at the peak 
and 53% during steady-state main engine operation. After main 
engine operation, the propulsion processing load reduces to a 
steady-state value of about 1% of CGC capacity. 

For the orbiter, the peak in propulsion system generated data 
bus traffic occurs at main engine start where the peak value is 
64 KBPS, or 6,44 of capacity. The corresponding peak in computer 
processing load is ll,57o of capacity. During steady-state main 
engine operation,' these values become 57.2 KBPS (5.7% of bus 
capacity) and 9,47. of computer- processing capacity. After- the 
three minute main engine operation interval, the orbiter data 
bus traffic and processing loads due to propulsion activity 
reduce to steady-state values of about 3 KBPS and 0.5% respectively. 
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table IV-2 

MAIN ENGINE SUBSYSTEM DATA RATE ANALYSIS 
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FUEL P RESS.. F.P.B, IHLET 
FUEL TEMP*. F.P.I5. INLET 


Internal StarL Tranflient 

Eng. Controller Eng/Vetiicli 1 


Ap, OPti, FUEL INLET TO CHAMBER 

Ap, f.p.b, fuel inlet to chamber 


PRESS., MAIN COMB. CHAMBER 


PRESS., FUEL, INLET TO LPFTPA 


PRESS. , QXID,, INLET TO LPQTPA 

PRESS., FUEL, LPFTPA DISCH. 

PRESS., QXID., LPQTPA DISCH, 

RPM, LPFTPA 

RPM? HPFTPA 


RPM, HPOTPA 

TEMP. , LFOTPA INLET 

TEMP , , LPFTPA INLET 

Ap, fuel coolant to hot gas M. 

VACUUM JACKET PRESS., (1) 

VACUUM JACKET PRESS., (2) 

VACUUM JACKET PRESS., (3) 

VACUUM jacket PRESS., (4) 

PRESS, FUEL, LPFTPA TURB. INL. 

PRESS., OXIO, HEAT EXCH. OUTLET 

PRESS., FUEL, NOZZLE CQQL, OUTLET 
PRESS., MAIN TCA FUEL PURGE CK. V. i 


PRESS., MAIN TCA QXID, PURGE CK. V- 1 
PRESS., HPOTPA SEAL CAVITY 


PRESS., OXID. PREB. CHAMBER 


sample Rate 

100/SEC 
20 


Transfer 

Rata 


Bits/Sec. 

320 


Stead y State _ _ _ _Shijtdown_ __ 

Eng/Vehicl^ ' iSng/V^lcleT 

Transier I Transfer Bicg/sec. 

Rate I Rate 



FT.OW-OXIU . 

TO 

PREBURNERS 

FLOW-OXIU . 

TO 

MAIN G.G, 

PRESS . , OXID . . 

, PREB, FLOlsMETER 



20/SEC 

2/SEC 

20/SEC 

2/SEC 

20/SEC 

2/SEC 

20/SEC 

2/SEC 

20/SEC 

2/SSC 

20/SEC 

2/SEC 

20/SEC 

20/SEC 

20 /SEC 


20/SEC 

10/SEG 

20/SEC 

2/SEC 

20/sec 

2/SEC 

20/SEC 

2/SEC 


160 

IT II 

320 

Trend; Control 

320 

ir ir 

32 

Flight Safety 

32 

Start Monitor 

320 

Start Analysis 
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parameter 

Internal 
Eng, Controller 
sample Rate 

TRESS. , EUEl PEEB. CHAMBER 

20 /SEC 

PRESSURE, HP05!PA THRUST BAL, 

100/SEC 

PRESSURE, PREB* PURjffi SOL, V. OUT, 

20 /SEC 

CALC. H,R. 

20/SEC 

CALC, THRUST 

20/SEC 

M,R, ERROR 


THRUST ERROR 


LPFTPA VIBRATION 

lOO/SEC 

HPRTPA VIBRATION 

100 /sec 

LPOTPA VIBRATION 


- npOTPA VIBRATION 

100/SEG 

TEMP,, FPB CHAMBER 

20/SEC 

TEMP,. OPE CHAMBER 

20/SEC 

IGN. COEKENT. OEB 

20/SEC 

IGN, CURRENT. FPB 

20/SEC 

IGN. CURRENT. M,G.G, 

20/SEC 

POSITION, FUEL MAIN VALVE 

lOO/sEC 

POSITION. OXID, ElAIK VALVE 

20/SEC 

POSITION, OPB OXID. COKT. VALVE 

lOO/SEC 

POSITION. OPB FUEL CONT. VALVE 

100/SEC 

POSITION, FPB OXID. CONT, VALVE 

100/SEC 

POSITION. PUEL RECIEC. SEL, VALVE 


POSITION* OXID. RECIRC. SEL. VALVE 


POSITION, FUEL KECIRC. CONT. VALVE 

20/SEC 

IGNITION DETECTOR, OPB 

DISCRETE 

IGNITION DETECTOR, FPB 

DISCRETE 

IGNITION DETECTOR* MCC 

DISCRETE 

POSITION* EXT. NOZZLE 


POSITION, FUEL MAIN VALVE 


POSITION* OXID, MAIN VALVE 


POSITION* OPB FUEL COKT. VALVE 


POSITION* OPB OXID. COST, VALVE 

DISCRETE 

POSITION, FPB OXID. CONT. VALVE 

DISCRETE 

POSITION. OXID, RECIRC. SEL. V. 

DISCRETE 

POSITION, FUEL RECIRC« SEL. V, 

DISCRETE 


JEQLDOUT-FRAME- ' 2 . 


TABLE 17-2 (Continued) 

MAIN ENGIKE subsystem DATA RATE ANALYSIS 


IV-35 and P/-36 


. Start Transient 

Steady State 

shutdown 


Ene/Vehicle 

Transfer 

Rate 

Bits/Sec, 

Eng/Veliicle 

Transfer 

Rata 

Bits/Sae 

Eng/Vehicle 

Transfer 

Rata 

Bits/Sec. 

20/SEC 

320 

2/SEC 

32 

20/SEC 

320 

Start Analysis 

- 

- 


32 

- 

- 

Fit. Safety 

2/SEC 

32 


32 


320 

' Trend; Maint. 

" 

•- 

20/SEC 

320 

_ 1 

- 

Per£, Check 

- 

- 

20/SEC 

■ 320 

_ 


11 11 


- 

20/sec 

320 

- 


11 it 


- 

20/SEC 



- 

ir u 


- 

2/SEC 


- 

_ 

Trend; Malf, Ident 

- 



32 

- 

- 

If 'll 11 

- 

- 



.. 


; " " " ; Fit. Saf. 

- 

- 



- 

_ 

It n 11 11 11 

20/SBC 

320 


32 


320 

i 'ir II 11 

20/SEC 

320 


32 

20/SEC 

320 

ir n 11 

One - 16 Bit Word 

- 

- 

.. 

.. 

Control; Trend 

One - l6 Bit Word 

- 

.. 


- 

II II 

One - 16 Bit Word 

- 

- 

.. 

_ 

11 II 

50/SEC 

800 




800 

II 11 


320 

- 



320 

> II If 


320 

20/SEC 



320 

11 n 


320 

20/SEC 

320 

20/SEC 

320 

II 11 


320 


320 

20/SEC 


11 11 


320 

- 

- 



11 11 

20/SEC 

320 

- 

- 

20/SEC 

320 

11 11 

20/SEC 

320 

~ 

- 


320 

11 11 

One - 6 Bit Word 

- 

- 

- 

- 

Control* Safety 

One - 6 Bit Word 

- 

- 

- 

- 

II 11 

One - 6 Bit Word 



- 


11 11 

“ 

- 



- 


‘ Trend 

Two “ 6 Bit Words 

BSi 


Two - 6 Bit Words 

' Control 

Two - 6 Bit Words 


- 

Two - 6 Bit Words 

11 



- 

- 


; ” 



- 

- 

- 



hbbhI 

- 

Two - 6 Bit Words 


Two “ 6 Bit Words 


- 

Two - 6 Bit Words 

ri 

Two - 6 Bit Words 



Two - 6 Bit Words 

n 
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TABLE lV-2 (Cantlnued) 

MAIM ENGINE SlffiSISTEM DATA KATE ANALYSIS 


FOLQOUT FRAME ^ 

IV.-37 and IV-38 


POSITION, 

OPB 

IGN. 

ox. VALVE 

POSITION, 

FPB 

IGN. 

OX, VALVE 

POSITION, 

MCC 

IGN. 

OX. VALVE 

TIME, OPBIGK, 

OXID. 

VALVE 

TIME, FPB 

IGN. 

OXID 

. VALVE 

TIME. MCC 

IGN. 

OXID 

, VALVE 

POSITION, 

PREB 

. OX, 

PURGE SOL. V. 


TIME, PREB. 0X» PURGE SOL* V* 


POSIIIOM, MAIN TCA QX* PURGE SQL. V. 
TIME, MAIN TCA OX. PURGE SQL. V 


POSITION, MAIN TCA FUEL PURGE SOL. V. 


TIME, MAIN TCA FUEL PURGE SOL, V. 


POSITION, EXT. NOZ. COOL. SOL. VALVE 


TIME, EXT, NOZ. COOL, SOL. VALVE 
POSITION, EXT. NOZ. A TRACK 


POSITION, EXT. NOZ. B TRACK 


POSITION, EXT, NOZ, C TRACE 
EXT, NOZZLE LOCK - 

EXT. NOZZLE LOCK - 3 

EXT. NOZZLE LOCK - 


FLQN FPB QX> PURGE 

FLOW OPB OX, PURGE 

SUB-TOTAL DATA 


Internal 
Eng, Controller 
Sample Rate 

DISCRETE 


DISCRETE 


DISCRETE 


DISCRETE 

DISCRETE 


DISCRETE 


DISCRETE 


DISCRETE 

DISCRETE 

DISCRETE 


DISCRETE 


DISCRETE 


DISCRETE 


DISCRETE 

DISCRETE 

DISCRETE 


DISCRETE 


DISCRETE 




DISCRETE 
DISCRETE I 


DISCRETE 


DISCRETE 


Start Transient 

EagA^ehicle I 
Transfer Bits/Sec. 

Rate 

Two - 6 Bit Words 
Four » 6 Bit Words 


ds 


r - 6 Bit Words 


Two - 16 Bit Words 


Two " 16 Bit Words 


Two - 16 Bit Words 


Two - 16 Bit Words 

One - 16 Bit Word 
Two - 6 Bit Words 








Two ^ 6 Bit Words 

One - 16 Bit Word 


I Steady State Shutdown 

Eng/Vehicle feng/Vehicle 

Transfer Bits/Seo. Transfer Bits/Sec, 
Rate Rate ' 

“ - Two - 6 Bit Words 


Control 


Control 



Two - 6 Bit Words 
One - 16 Bit Word 
Two ~ 6 Bit Words 
One “ 16 Bit Word 
Two - 6 Bit words 
One - 16 Bit Word 

One - 16 B 


Trend 


Trend 


Trend 


Control 


Trend 


Control 

Trend 


Control 


Trend 





















































TABLE IV-3 


MAIN ENGINE SUBSYSTEM 
DATA RATE SUMMARY 

(MAIN ENGINE CONTROLLER TO VEHICLE DATA BUS) 


TYPE OF TRAFFIC 

START 

STEADY STATE 

SHUTDOWN 

All data from non-discrete 
devices 

9,184 B/Sec. 

4,448 B/Sec. 

8,192 B/Sec. 

Interface test, status, 
verifications 

1,400 B/Sec. 

1,400 B/Sec. 

1,400 B/Sec. 

TOTAL 

10,584 B/Sec. 

5,848 B/Sec. 

9,592 B/Sec. 

One-time transfer of 
discretes 

416 Bits 

54 Bits 

208 Bits 

Hydraulic system gimbal actuator 
data rates. 

640 B/Sec. 

3,000 B/Sec. 

640 B/Sec. 


NOTE: 


All non-discrete data words are assumed to be 16 bit length. 
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fSLDOUT FRAME 2 
SEEDING’ PAGE BLANK NOT ff H-Miitn 
IV-41 £■ IV-42 

PEAK DATA CONSTITUENT TIMELINES 
BOOSTER MAIN ENGINE START 


TIME (SEC) FSl 


4 

+- 




start 

MAIH 

EfrcnTES 



APU MONITOR 



PROPELLANT MANAGEMENT MONITOR 



MAIH TANKS MONITOR , 


r 

1 START TWO ENGINES 'CTYP.'I 



■f 


■I 


MONITOR MAIN ENGINES 
I 1 1 1 1 1 1 B 


DATA BUS IjOAD ' ' ' ' ' ' ' ' • ' ' H— I \ 

KBITS/SEC 2.7 63.7 124.7 185.7 246.7 307.7 368.7 429,7 422.9 416.1 409.3 402.5 395.7 388.9 381.1 

PROCESSING 

sec/sec .009 .11 .22 ,33 ,44 .55 .66 .75 .74 .72 .70 '.68 .66 .64 62 


EIGURE IV-IO 



£OLDOyf frams ( 


l^DOUr FRAME 'Z. 


PROCESSIHG 
SEC/ SEC 

(2 ^ INST. MACH.) 


TOTAL DATA 
BUS TRAFPIC 
KBITS/ SEC 


PEAK DATA COMPOSITE TIMELINE 
BOOSTER MAIN ENGINE START 
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PEAK DATA CONSTITUENT TIMELINES ■ 
BOOSTER MAIN ENGINE SHUTDOWN AND SEPARATION 
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168 


L69 
— t— 


170 


171 
—I 


172 


173 


174 

-I 




J71- 


W 


SHUTDOWN TWO EK^ INES (TYP.) 


SHUTDOWN 
MAIN ENGINES 




APU MONITOR 


PROPELLANT MANAGEMENT MONITOR 


MAIN TANKS MONITOR 


3 RCS ENG. ON Ih 


RCS MB. MONITOR 


OFF 


SEP. THRS. ON I h 

4 KGS ON I j- 

go2 cohd. on I I 

gh2 cohd. oh I h — 


SEFAEATIOK THRUSTER MONITOR 


RCS ENO. MONITOR 


OX COND. MONITOR 


H2 COND. MONITOR 


-j j OFF 
— 1 I OFF 


KBITS/ SEC 


1 1 1 1 H H H-t- 


++ 


+ 


381, 363. 344. 324. 305. 251. 197, 159, 124. 89, 54. 

270. 216. 162. 

170. 


19, 17. 2.7 59. 79. 

130. 59.5 ■ 


52. 


6S. 5,7 

2'9. 


PROCESSING 
SEC/ SEC 


.62 


.59 


,56 .53 


,50 .41 ,32 .28 .21 .15 .10 

.44 .34 .27 


.04 .02 .11 .11 .08 

.11 .08 


.05 


,12 .01 

.(05 


FinilRF lUi-f-j 
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.5 

PROCESSING 


SEC/ SEC 

A 

(2 ^ INST, .MACH.) 

.3 - 


.2 


.1 - 


400 

TOTAL DATA 

300 - 

BUS traffic 


KBITS/ SEC 

200 


100 • 


TIME < 
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FOLDOUT' FRAME 2 

IV-49 & IV-50 


PEAK DATA CONSTITUENT TIMELINES 
ORBITER MAIN ENGINE OPERATION 


OMS/RCS Peedline Monitor 




APS Accumulator Monitor 


Propellant ConCitioning Subsystem Operation Monitor (APtT) 


Main Propellant Management Susbystem Monitor 


On-Orbit Propellant Management Subsystem Monitor 


Start Main Engine #1 


Start Main Engine #2 


-AV- 


Shutdown Engine #1 
I 

Shutdown Engine #2 


I 1- 


Monitor Main Engines 


Traffic 

KBPS 

Processing 

Sec/Sec 

Time 

(sec) 


) 1 ^ 

3,09 33.6 64,1 

1 i 1 

.005 ,06 .115 

?-H ^ 1 1 [- 

175 FSl 177 17S 


i 1 — 

60.1 

{ 

57.2 





— h— 1 

47.7 

1 1 

38.2 ■ 

— ) 1 

20.7 

3.15 

► 

.10^ 

1 

.094 

— H 

— !i 

.079 

— 1 

.064 

1 

.035 

— ^ — 1 

.005 



► 
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15 
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5 _ 
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KBITS/S eo, 

40 . 


20 
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C. DISPLAYS AI® RECORDING 


The electronics design reference model, presented in Volume 
II, assumes that adequate display capability and a maintenance 
recording capability will be provided as a part of the vehicle 
electronics systems, to support all of the vehicle systems require- 
ments for display and recording. The application of tnese capa- 
bilities to the propulsion systems checkout and monitoring func- 
tions is discussed in paragraphs that follow: 

'1, Display 

The general guideline for assigning information for onboard 
display is that only infomation necessary for crew evaluation 
or action V7ill be displayed. Since most routine control, recon- 
figuration of redundant systems, and emergency responses are 
provided automatically, display requirements for these purposes 
are very low. Onboard checkout, inflight monitoring, and emer- 
gency detection functions nave always existed in manned aircraft 
and spacecraft systems, but they have been performed primarily 
by the crew, aided by ground personnel. These functions account 
for a large proportion of the information presently displayed on 
such vehicles, Uith automation of these functions, their display 
requirements are reduced accordingly to only that information 
necessary for the crew to be aware of any need for crew action, 
for making decisions regarding optional actions, and for carrying 
out procedures associated 'with a selected action. To avoid dis- 
play clutter, i.e,, display of more information at one time than 
the crew can read and readily understand, the more detailed and 
less urgent information should be displayed on a call-up basis. 

Applying the above considerations, the types of information 
to be displayed for the propulsion systems reduce to the following; 

a. Operator or crew instructions, such as procedure steps 
for manual operations or checkoffs, both ground and 
flight, 

b. System status, such as operating modes and redundancy 
levels . 

c. Propellant quantities and consumption rates. 

d. Malfunction detection or prediction notification and 
identification, during ground operations when personnel 
are onboard and inflight when corrective action by the 
crew is possible. 



e, Caution and vjarning indications 

f. Postflight printouts of maintenance data. 

Adequate display provisions for all of the above, with the 
exception of printout capability, are assumed in the electronics 
design reference model. Printout capability is recommended as a 
part of ground control and display provisions. Since the informa- 
tion to be displayed (other than that used solely for ground 
operation) = is used primary to enable the crew to take precautionary 
or corrective action necessary to their safety, redundant displays 
are recommended for all of the above listed information except 
the postflight printout of maintenance data, 

2 , ‘ Recording '■ 

- ‘ Data recording capability is required for performance data, 
fault identification results, and operating history records, in 
accordance with the' OGfrlS criteria presented in Section A of this 
chapter. To further expand on approaches to inflight recording 
capability and the' utilization of the resultant recordings, some 
applications from current aircraft practices are briefly des- 
cribed-in the following paragraphs. 

The AIDS system, currently flying in line commercial opera- 
tions aboard three KLM DC-9-30 aircraft on a trial basis, employs 
a maintenance -and performance recorder to monitor up to 400 air- 
craft parameters. In this system, the data recording rate is 
•varied as a function of the flight mode and data compression is 
achieved by computer processing prior to recording. This compres- 
sion is accomplished by redundancy ’ reduction techniques employing 
various forms of limit checking, Postflight, the data is con- 
verted to be compatible with ground computer tape reader input 
format. Ground processing is then used to convert the data to 
engineering units, check it by statistical techniques, and -pro- 
duce parameter plots and lists for analysis. The reduced data 
is used to compare performance with other fleet systems to make 
relative assessments and highlight fleet trends. It is also used 
for flight profile analyses to assist flight crews, improve 
training procedures, and optimize fuel management (by comparison 
of same' type engines and appropriate adjustments) , 

The C-5A I'-IADilR system employs a maintenance data recorder 
to record digital information regarding trend and LRU failure 
data, in a format compatible with ground processing equipment. 
Continuous data is not recorded. Instead, a computer tests the 
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parameter values to determine if they have changed more than a 
preprogrammed allowable deviation since their last recorded value. 
Values within allowable deviations are not recorded. If a value 
exceeds its allowable deviation, the test point number and a time 
reference is supplied to the recorder. This technique is the 
same as one form of limit checking used in the AIDS system des- 
cribed above. 

Automatic engine maintenance recording is being employed by 
UAL on Boeing 737 aircraft, utilizing a flight-borne recorder. 
Three complete sets of engine data are recorded per flight; at 
take-off, climb, and cruise, A ground computer normalizes the 
recorded data and compares it with idealized performance data 
for a standard engine. Deviations from standard are then used 
to establish a trend for each parameter. When an engine’s 
individual parameter trends change from their own previous levels 
by more than prescribed amounts, a warning is printed. Monthly 
summaries of individual engines and fleet averages are printed 
out for analysis of fleet trends. 

The application of the Space Shuttle onboard maintenance 
recording provisions to the propulsion systems checkout and 
monitoring functions is discussed in the following paragraphs. 


u* Recording Rates — The peak propulsion systems data 
traffic on the vehicle data bus has been estimated as 430 kbps 
for the booster and 64 kbps for the orbiter. Only a portion of 
this is parameter data, however. The majority of the data bus 
traffic is accounted for by commands, engine controller status 
signals, and the data traffic necessary to operate the data bus 
and check for errors. The actual peak parameter data is approxi- 
mately 140 kbps for the booster and 35 kbps for the orbiter. 

Each main engine accounts for approximately 9.2 kbps of this 
data. These peak values are sustained during main engine start. 
They then drop off to 77 kbps for the booster and 26 kbps for 
the orbiter during the remainder of the time the main engines 
are running. Each main engine, running at steady state, accounts 
for approximately 4,4 kbps of this data. If all of these data 
are recorded, the recording rates during peak activity will 
exceed what was assumed in the DRH to be a reasonable allocation 
of recording (75 kbps for the booster propulsion systems and 15 
kbps for the orbiter propulsion systems). Further, they do not 
include any recorder overhead for tagging of data and error coding 


5. Reduction of Recording Rates - The data rates presented 
above have taken into account tne use of a number of techniques 
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to reduce the quantity of data. These included; data averaging 
techniques in the engine controllers, acquisition of data only 
during periods of eKpected activity, and parameter extraction 
(transformation of signals to abbreviated forms) by signal con- 
ditioners . 

Data compression techniques were examined as a means of 
achieving further reduction in the amount of data without reducing 
the information content. However, assuming even a reasonably 
simple compression technique (redundancy reduction by zero- 
order predictor) , it was found that computer processing loads would 
increase by at least 40% if data compression were accomplished by 
onboard computer processing. This estimate assumed a compression 
ratio of 5:1 before tagging of data. 

Compressed data requires a buffer between the computer and 
recorder to transform the sporadic emergence of non-redundant 
samples to a steady flow for efficient recording. Although the 
data then is recorded at a steady rate over periods of time, 
the parameters represented by the data are in random order and, 
therefore, must be suitably tagged for identification. Also, 
because they are delayed by the buffer, they must be tagged with 
a time- 0 f-measurement. Such tagging often cuts the effective 
compression ratio in half and sometime results in a negative 
compression ratio, .depending on the activity of the data. Further, 
the variance in individual runs of deleted samples can produce 
overflow and emptying of the buffer unless the buffer is oversized, 
estiniates of average compression ratios are very good, and/or 
adaptive compression techniques are used. Obviously, tne char- 
acteristics of the input data must be well knotm for redundancy 
reduction techniques to be designed for a system. 

The conclusion reached from this analysis was that the com- 
pression of data before recording would not only require an 
extensive buffer between the computer and recorder, but also 
would either overload the computer during peak processing times 
or would require considerable additional data storage capability 
to temporarily hold data, until it could be processed for com- 
pression in non-real time. There is, of course, the possibility 
of Fidding another computer, dedicated to data compression, A 
better approach would be to use the mass memory of the vehicle 
central computer complex to temporarily hold uncompressed data 
(suitably tagged to identify time and parameter) during peak 
data periods and transfer it to the recorder during periods of 
lower activity. 
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The very best means of reducing data quantity is to care- 
fully study each subsystem with later performance analysis in 
mind, to determine exactly what data is needed for that analysis 
and what quality standard it must meet to convey the really 
necessary parameter information. 

c. Recorder Capabilities - A number of existing and in- 
development flight-borne tape recorders were investigated to 
determine the reasonableness of the DRM assumptions on recording 
' rates. Findings of this investigation were as follows: 

1) The Apollo CSM recorder capability is 1,6 kbps for 
12Q minutes, or 51,2 kbps for proportionately 
shorter times. 

2) The Skylab Airlock Module Recorder capability is 
5,12 kbps for 240 minutes, 

3) The Apollo Telescope Mount Auxiliary Storage and 
Playback Unit capability is 4 kbps of recording 
for 90 minutes, with PCM playback in 5 minutes at 
72 kbps. 

4) The Skylab Earth Resources Experiment tape recorder 
(Ampex AR 700) is a 20 track recorder capable of 
recording at 1 Mbps per channel for 15 minutes, and 
for proportionately longer times at lower bit rates. 

If the use of the Earth Resources Experiment recorder is con- 
sidered, the DRM assumptions on recording capability are con- 
servative by sizable factors, The total quantity of data that 
can be handled by the data bus could obviously be handled by 
this recorder , 

d* Selected Approach - The selected approach to inflight 
data recording is to require the vehicle maintenance recorder to 
provide sufficient recording capacity, both data rate and record- 
ing time, to store the required propulsion systems data, uncom- 
pressed, in suitable foriaat and suitably identified as to time 
and parameter to allow efficient post-flight processing for 
reduction and evaluation. 



D, GROmro SUPPORT EQUIPMENT FOR CHECKOUT AND MONITORING 


The propulsion checkout and monitoring requirements are 
satisfied by the use of onboard systems except in a very 
limited number of cases where considerations such as cost^ 
weight_, technology limitations^ personnel safety^ and overall 
system effectiveness has led to the recommendation of ground 
support equipment (GSE) for checkout and monitoring. The 
recommended items of GSE for checkout and monitoring and 
their applications are presented in Table IVt- 4. The type and 
function of this GSE (as defined in the application column) 
make readily apparent the reasons for these recommendations. 

This GSE was identified from an analysis of the ground 
operations defined by the Checkout and Monitoring Requirements 
Analysis, the LRU Maintenance Procedures, and the FMEAs, 
as well as an overall systems analysis. 

The vast majority of GSE items identified in the LRU 
Maintenance Procedures and the FMEAs is not specifically 
associated with checkout and monitoring. Their functions 
are handling, refurbishment, and servicing. Matrices of 
this general GSE and its usage are shown in Table IV-5 . 
Applicability of a particular GSE item to a given propulsion 
• element is indicated by an (X) in the appropriate location. 

The GCG will be used during the post landing phase to 
process flight data to- generate maintenance action printouts in 
.addition to performing trend analysis and editing performance 
■data -for use by subsystem analysts. This data reduction 
process will- be accomplished by loading ground software routines 
„into the GCC during the post-landing cooldown period. The 
remaining activity for the CCC during the post landing phase is 
the executive control of the safing and purging operations. 

The total computer time for the post landing phase is estimated 
to be six hours. 

During the- maintenance phase, the principal uses of the CCC 
will be retest of replaced LRUs and subsystem reverification. 
While detailed fault- isolation routines may at times be required, 
it is anticipated- that this activity will be very minimal and 
may be neglected in estimating ground operating time for the 
CCG. While the number of power-on/power-off cycles on the CCC 
will undoubtedly vary from mission to mission, it is estimated 
that the CCC will be in use not more than two hours for each 
of the nine 8 -hour shifts during the maintenance cycle, or a 
total of not more than eighteen hours. 
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During the prelaunch phase, the GGC is used to conduct 
integrated preflight checkout for the vehicle systems and sub- 
systems „ The maximum time estimated for vehicle subsystem, 
system, and post-mate checks is thirty-six hours, ' 

The GGC is used during the launch phase to be in executive 
control of the launch complex facilities during servicing 
operations and to perform final system checks. The total time 
estimated for these activities is fourteen hours. 

The total time of operation for the GGC during the turn- 
around cycle for an operational shuttle, then, is a maximum of 
seventy-four hours. 



TABLE IV- 4 


GSE FOR CHECKOUT AND MONITORING 


ITEM 


APPLICATION 


Leak Test Equipment Used for test of fluid line con- 

nections after LRU replacement. 
Required only if onboard leak 
detection system does not provide 
sufficient accuracy for this 
function. 


Optical Test Equipment 


Vacuum Test Equipment 


For turbofan engine damage in- 
spection and for ignition spark 
plug inspection. 

For vacuum check of replaced 
vacuum- jacketed propellant lines. 


Data Processing System For generation of computer pro- 

gram source tapes^ conversion of 
digital data tapes to graphical 
output, and for reduction of 
data tapes to statistical data 
for trend and performance analysis. 


Oil Sampling and Contami- For contaminate and particulate 
nation Analysis Equipment analysis of lubricants and 

hydraulic fluids. 


Electronic Simulation 
Equipment 


Remote Control and 
Display Panel 


To perform fault isolation pri- 
marily in the LRU-SENSOR-DIU 
chain to a level not readily 
accomplished by onboard equipment, 
such as certain identification of 
an open circuit location. 

To operate OCMS during maintenance 
operations to preclude crew com- 
partment congestion and during 
propellant loading and purge 
operations for personnel safety. 
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A. KAIN PROPUliSION SYSTEM 


MUMBBR 

1- B/O 
12-B/O 

2- B/O 


3-B/O 


g § 

•H > 


DESCRIPTION 


L02 Tank Vent Pkg. 


1H2 Tank Vent Pkg. 


L02 Tank laol* Valve 


LH2 Tank Isol, Valve 


L02 Prevalve 


LH2 Fill Valve 



H H as 

P< (X <5 

o u g:| J til H 


X 

X x| X X 


X XXX 
X X X X X 
X X X X X 


S Fuel Press- Cotit- .Valve 
S Ox* Press •• Cont. Valve 

S Ox* Press* Cont* Orifice 


MPS Fuel Press, Cont. Orifice 
MPMS Fuel Fill Coupling 
MPMS Ox. Fill Couollne 


Fuel Tank Vent Coup. 

Fuel Tank Prepress. Coup. 
L02 Tank Prepress. Co 


OPBE On-Orb. Fuel Tank Press. Filt. 
OPKE On-Orb* L02 Tank Press* Filt* 


X X X X 


I£GEND: B^Booeter MPMS=Maln Propellant Management Subsystem OPRO^On^Orbit Propellant Management Subsystem 

OOrbiter MPS^Maln Pressurization Subsystem OPRE“On-Orbit Pressurization Subsystem 


Cold-Gas Turbine- Drive Eqmt. 
Turbocompressor Removal Fixt. 

































TABI^ IV"5 (Gont.) 
GEHERAl 


GROUND SUPPORT EQUIPMEMT MATRIX 
for 

A, MAIN PROPULSION SYSTEM. 


LRU 




DESCRIPTION \ 

fl »-( rt 
o « 

P. 

Vi <u 

7-0 

OPRE 

On-Orb. Fuel Tank Press, Reg, 


X 

10-0 

OPRB 

On-Orb, L02 Tank Press. Reg. 


X 

8-0 


Fuel Tank Press, Shutoff 'Valve 


X 



Ox. Tank Press, Shutoff Valve 


|H 



Main Engine 





Low Press. Torbopurap 





High Press. Tuxbopump 

X 




Low press. Turbopump 

X X 




High Press, Tuxbopump 

X 


5-B/O 

MS 

Fuel Preburner 

X 

X X 

6-B/O 

MES 

Oxidizer Prebumer 

X 

X X 

7-E/O 

MES 

Fuel Min Valve 


X 

8-B/0‘ 

MS 

Ox. Main Valve 

X X 

X X 

9-B/O 

MES 

Fuel Control Valve 


X 

lO-B/0 

MES 

Ox, Control Valve 

X 

X X 

11-B/O 

MS 

Ox, Control Valve 

X 

X X 

12-B/O 

MES 

Propellant Lines 


X X 

13-B/O 

MES 

Interconnect Lines 

X 

X X 

14-B/O 

MS 

Select Valve 

X 

X X 

15-E/O 

MS 

Select Valve 

•X 

X X 

16-B/O 

MS 

Control Valve 

X 

X X 


■ 





> 

o 

a 

CeJ 


a 

cr 

Ed ( 


LEGEND? 


B=Booster 

0=0rbit«r 


OPREHDn-Orblt Pressuriaation Sub^yste 
MES-Maln Engine Subsystem 



X 

X 























LEGEND: B — Booster; 0 — Orbiter; MES » Main Engine Subsystem 


rurbocompressor Removal Flxt> 
A/B Engine Removal Eqmt, 































fOLDOUf FRAM^ I 


^UDOUT PRAWlh^ 

IV-67 and IV-6S 


T^LE X7-5 (Cont*d) 
GENERAL 

GROUND SUPPORT EODIPMENT MATRIX 
for 

B. AUXILIARY PROPULSION SYSTEM 
LRU 

REQUIRED GSE 

i 

d 

o 

vl 

4J 

O 

HI 

o a 

A M a 

_ V* 

^ ^ 

0 n 

'rt > 41 

4J O H 

1 M 1 

i “ 

•y > .o 

d <-) od 

o n ^ 

u > CO 

3 

tlC 

d 

U 

o 

A. 

A. 

d 

CO 

■M 

V ■ d 
O 

4J 

n 

01 «-i 

EH fl 

CO ^ Q 

P. q| E 

cd Ql' S 

O iJ cd 

Engine Handling Fixture 
Gimbal Support Fixture 
Covers or Closures 

•M 

X 

tH 

+J 

U 

0 

a 

• §* 
• -M W 

^ a 

1 & « 

w , y 

0) 0 

4J H 0) 

03 (Q 4-) 

a M 0 

^ s 

^ tS 

cd C <U 

U (C 1-H 

•7-1 M 

JJ -U M 

p7 d o 

o u s 

cr 

Pd 

M 

d to 
d -y 

•O & 

S '2 “1 

ro o 

H ao 

« • 

<J < •-« 

' « 'O 

fM P4 d 

• « tQ 

H H tC 

Ph P4 <3 

• « A/ 

:d Eh 

u 

& . 

s y 

-o cr a 

G cJ tr 
q$ ro 

S3 013 

d 0£ 
& d 

a i-H •i-i 

» iH 

pu d 1:3 

0 d 

.a P3 « 

^ qj m 

s S 

0 d M 

. ja d 

01 41 ^ 

01 $■* 4) 

■U Aj 

^ ^ ^ 

^ S M 

tfl o 

Propellant Line Handling Bctmt, 
Vacuum Test Eqmt, 

Bellows Compressor 

Nozzle Support Eqmt. 
Nozzle Positioning Eqmt. 
Actuator Handling Eqmt. 

a 

tr 

b3 

•M « 

a to 

« j 

CO a Q 

d O* O 

3 “ 2 

^ g, ft 

(0 

32 • 

t3 > 

Vi d 1H 

0} (ij 4) 

•-» as CO 

«-i 

o <i> a 

Vi 7— I 3 

4J KI 1-1 

d <-H 

o O « 

OKS 

Torque Meas. Device 
Engine Removal Flxt. 
Turbopump Removal Flxt, 

Turbopump Mounting Fixture 1 

Cold-Gas Turbine Drive Eqmt. 
Turbocompresflor Removal Fixt, . 

A/B Engine Removal Eqmt, 

j 



HUMBER 

SUBS. 

' DESCRIPTION \ 

1-B 

1 1-0 

SEP 

RCS 

Engine Package 
Engine Package 
Engine Package 


X 

X 

X 


X 

X 

X 





X 

X 

X 

X 

X 

X 






1-0 

2- E/O 

3- B/O 

OMS 

PMS 

PMS 

Engine Package 
GO^ Filter 
GH^ Filter 


X 

X 

X 


X 

X 
. X 





X 

X 

X 

X 






4- B/O 

5- B/0 

6- B 

PMS 

PMS 

HCS 

GH^ Solenoid Valve 
GO^ Solenoid Valve 
GH. Check Valve Package 


X 

X 

X 


X 

X 

X 





X 

X 

X 







6-0 

7-E 

7-B 

PCS 

HCS 

OCS 

GH^Check Valve Package 
GG GH^ Propellant Valve Ekg, 
GG. GH^ Propellant Valve Pkg, 


X 

X 

X 


X 

X 

X 





X 

X 







■ 7-B 
7-0 
a-B 

APU 

PCS 

HCS 

GG GH^ Propellant Valve Pkg, 
GQ GH^ Propellant Valve Pkg. 
GG GO^ Propellant Valve Pkg. 


X 

X 

X 


X 

X 

X 





X 

X 

X 







8-B 

8-E 

8-0 

OCS 

APU 

PCS 

GG GOg Propellant Valve Pkg. 
GG GO^ Propellant Valve Pkg. 
GG GO^ Propellant Valve Pkg: 


X 

X 

X 


X 

X 

X 





■ . ^ 
X 
X 







9- B 

10- B 

11- B 

HCS 

HCS 

HCS 

LHg Check Valve Pkg. 
Turbopump s 

Turbopnmp Suction Valve Pkg, 


X 

X 

X 


X 

X 

X 





, X 
X 

X X 

X 





16-0 

12- B 

13- B 

PCS 

HCS 

HCS 

LHg^^^P Suction Valve Pkg, 
6Q Heat Exchanger Package 
LH^ Solenoid Valve Package 


X 

X 

x 


X 

X 

X 





X 

X 

X 







14-B 

HCS 

Gas Generator 


X 


X 





X 








LEGEND: RCS = Reaction Control Engine Subsystem 

SEP s Separation Engine Subsystem 
QMS = Orbital tfaneuverlng Engine Subsystem 
PMS = Propellant Management Subsystem 


HCS « Hydrogen Conditioning Subsystem 
OCS = Oxygen Conditioning Subsystem 
APU ct Auxiliary Power Unit 
PCS w Propellant Conditioning Subsystem 


B = Booster 
0 = Orbiter 



GROUMP SUPPORT 


B. AUXILIARY 


4-1 M flJ 

^ M 

O 4J ^ 

P. 4J 


DESCRIPTION 


M '3 P< o 
C -p* 

4-1 0 h 

M W CO o 

(J) 1-4 

E-t tC dJ (/) 

. > G nf k 

Vi M O t4 ^ <> 

(Q B ag B > 

(» © I & 

O pEj |j4 U u 


T3 ^ 

pq ta 


a c *3 

o (3 Pi 

.o a m 


M u* -u 
. w o 


Compressor Inlet Valve Pkg, 

Xurbocompressor 

GO Check Valve Package 



GH^ QD/Solenoid Valve Pkg. 
GO^ QD/Solenoid Valve Pkg. 
GO, Regulator Pkg, 


GH 2 Regulator Pkg 
LH^ Pump 
LO, Pump 


10^ Heat Exchanger 
LE^ Heat Exchanger 
Power Train Unit 


PCS LOg Pump Suction Valve Pkg. 

RCS — Reaction Control Engine Subsystem 
SEP = Separation Engine Subsystem 
QMS = Orbital Maneuvering Engine Subsystem 
PMS ss Propellant Management Subsystem 


HGS = Hydrogen Conditioning Subsystem 
OCS = Oxygen Conditioning Subsystem 
APU. = Auxiliary Power Unit 
PCS = Propellant Conditioning Subsystem 


B = Booster 
0 = Orblter 







X 

X 


Cold-Gas Turbine Drive Eqmt. 
Turbocompressor Removal Flxt. 
A/B Engine Removal Eqmt. 





















EOUDOUT FRAMg J 


fOLDOUf FRAME ^ 


17-71 and IV-72 


MIX 17-5 (CoTit,) 

GEHERAL 

GRODSD SUPPORT EOUIIMERI MA.TR1X 
for 

C. AIB3KEATHING PRDPULSIOU SYSTEM - 

u 

M 

U 

A 

s 

1 

•M 

IT . 

c3 • . 

•3 

O 

'41 

U 4J 

OS* 

« s 

cr 

C M 

O « 

^ > o 

■U Q »-l 

IQ £ CL, 

C 4> a 

■g « a 

aj o 

•M }> -O 

c >-i a 

O re 3 

o > w 

Caps 

Leak Test Eqmt. 

Removal 6c Duct Supporting Fixt. 

Engine Handling Fixture 
Gimbal Support Fixture 
Covers or Closures 

XJ 

45 

Pe< 

XJ 

u 

0 

n. 

* u S 

4-* S 

g O' ^ 

^ W 

W -M 

t> U 
•U « 

m (0 jj 

O k 0 

H « ^ 

1-^ *0 

«Q C 4 

O nj i-{ 

•H N 

4J 4J M 

P. O 0 

O U g5 

L.P.T.P.A. Handling Eqmt. 
E.P.T.P.A. Tooling 
TPA Handling Eqtot. 

s 

V 

M 

’§ JJ • 

S g. ^ 

M tr- 

a ^ w 

3 ’n * 

CL B "O 

One 
tc ^ 
u m 

3 M 

EH V Li 

• fi O 

^ u a. 

0 s u 

• J3 O 

U C; 

K1 Li V 

41 pq Lr 

-H 

1 03 . 

^ s. & 

Propellant Line Hand. Eqmt. 
Vacuum Test Eqmt, 

Bellows Compressor 

ij > 

S " 

cr s 

. ^ cr 

JJ 

g to 

9- B ca 

{d tH d 

C -H 

LJ o rH 

Ld -H -O 

O d 

CL -rJ W 

CL re ;£ 

d o 

Pi Li 

O 

4> 4> 

M r-» d 

m N p 

14 N 

o 0 O 

a 5a <; 

Controller Handling Eqmt, 
Nozzle Handling Eqmt, 

Helium Serv.& Presa.Meas.Eqmt, 

Boro scope, Pyro 
Engine Removal Fixture 
Turbopump Removal Fixture 

Turbopump Mounting Fixture 
Cold-Gas Turbine Drive Eqmt. 
Turbocompressor Removal Flxt, 

4J 

S 

O’ 

a 

JJ 

a re 

V re 
M . 41 

^ £ 

0 

1 i 

re 

V CO 

c 

v4 d 
00 V 
S 00 

fa o 
u 

P5 4J 
<j 5a 






LRU 

X 

NUMBER 

SUBS. 

DESCRIPTION 

\ 


TFE 

Turbofan Engine 



X 







X 



X 





APM 

Inlet Valve Pkg, 





X 












3-B 

APM 

Fuel Disc. Valve Pkg . 





X 





X 







4-B 

APM 

Vent Valve Pfcg, 





X 





X 







5-B 

APM 

Vent Disconnect Coupling 



X 







X 


1 





6-B 

APK 

Fill Valve 










X 







7-B 

APM 

Fill Coupling 



X 







X 







8-B 

APR 

Pressure Regulator Package 


X 


X 












9-B 

APR 

Pressurization Valve Package 


X 


X 












lO-B 

APR 

Pressurization Filter 





X 












3-0 

APM 

GH2 Valve Package 





X 





X 







5-0 

APM 

G02 Valve Package 





X 





X 







4-0 

APM 

Gas Generator 





X 





X 







6-0 

APM 

LH2 Valve Package 





X 





X 







•7-0 

APM 

Turbopump Assembly 





X 





X 







8-0 

APM 

Check Valve Package 





X 





X 







2-B/O 

TFE 

Fuel Control Aseembly 



X 







X 







3-B/O 

TFE 

Electronic Controller 






























‘ 






B=Booster TPE*Turbofan Engine SubfiyBtem 

OOrbiter APM“Airbreathing Propellant Management Subsystem 
APR-Airbreathing Pressurization Subsystem 





































T.Kf^KMD f B=Eoo£ter 
O^rbiter 

TFE=Turbofan Engine Subsystem 


a W 





Turbocompressor Removal Fixt« 


































APPENDIX A - MEASUREMENTS AND SENSORS 



TABLE A-1 


A' 


OCMS MEASUREMENT REQUIREMENTS 
EXPLANATION OF COLUMN HEADINGS AND CODES 


COLUMN HEADING 


DESCRIPTION 


1, IDENTITY CODE The codes in this column relate to the measure~ 

ment description given in Table A-2, 


2, QUANTITY The quantity of identical measurements (having 

identical description and requirements) » Quan- 
tities indicated are per vehicle stage, except 
for engine measurements. Quantities for engine 
measurements are per engine, 

3, RANGE & UNITS The range of measurement and units of measure 

of the parameter to be measured . 

4, ALLOW, ERROR The allowable overall error between the actual 

parameter value and the processed data repre- 
senting that value. 


5. RESPONSE RATE The maximum expected rate of change, time to 

change state, or~£requency of variation of 
the parameter. 

6, 14TG, Mounting of the sensor, or hoxv the sensor is 

exposed to the forcing function. Codes used 
are; 


D - Direct mount. Sensing element directly 
exposed to the forcing function, 

CE - Component external. Sensor mounted on 
the component, with the sensing element 
indirectly exposed to the forcing 
function. 

Denotes the fluid media, if any, to which the 
sensing element is exposed. 


7. FLUID JIEDIA 



TABLE A-1 (cont) 


OCMS MEASURE^^EMT REQUIREMENTS 
EXPLANATION OF COLUMN HEADINGS AMD CODES 
COLWiN HEADING DESCRIPTION 

8, MEAS. TYPE ' ' Relates to the sensor criteria of Table A-3, 

and requirements of Table A-4. The sensor 
criteria associated with each measurement type 
defines the environment, output signal char- 
acteristics, and other requirements related 
to the physical equipment for transducing the 
measured parameter to an electrical signal. 

9, DATA USE ' Designates the end use of the data resulting 

from the measurement, I'Jhere data has more than 
one use and the time of data activity or sample 
rate is different for each use, a separate line 
is used for each, Codes used are: 


M - Monitor (for failure detection) 

C ~ Control 

P *- Performance analysis recording 

. R - Readiness or status check 

T - Trend data 

FI - Fault isolation test 

W - Warning of impending failure 

10, TIME OF DATA Operation or condition during v/hich the data 
. ACTIVITY is meaningful. 


11, SAMPLE RATE The required rate of sampling the measurement 
• • during the time of data activity. Sampling 

rate is based on allowable error, response 
rate, and use of the data. Codes used are: 

AR - As required. Indicating one or several 
. samples to be taken whenever the noted 
condition occurs under "time of data 
activity" . 



A-3 


TABLE A-1 (cont) 

OCMS MEASUREMENT REQUIBEMEMTS 
EXPLATnATION of COLlMvf HEADINGS AffD CODES 


COLUMN HEADING 
11. (cont) 


12 , 


13 . DATA RATE 


14. 


15, DIU NO. 


16 . RE'/tAR?CS 


DESCRIPTION 


E,0, - Each operation. Indicating one or 

several samples to be taken each time 
an operation occurs that would cause 
the measured parameter to change to a 
new value and remain at that value. 

>Tegl - Neglibly low sampling rate. Not 

important to data bus traffic or pro- 
cessing loads. 

XBD - Sample Rate to be determined by further 
study. 

Blank column. 

The rate at which data from each measurement 
is placed on the data bus during the time of 
data activity. For DIU's, the data rates are 
dependent on the “data management techniques 
employed on a given measurement. These rates 
have been generated for peak traffic periods 
as shown in figures IV -10 through IV- 15 of 
Section IV-B, The main engine data rates are 
shown in Table IV- 2, and are summarized in 
Table IV-3. 

Blank column. 

Indicates the numerical identification of the 
DIUs to which a measurement is assigned. 
Assignments have been made on the orbiter using 
criteria discussed in Section IV-B, The DIUs 
for tne main and airbreathing engines are 
their respective engine controllers. 

Comments used to provide additional informa- 
tion on a parameter. An asterik in this column 
indicates that the remark expands on information 
contained in another asterisked column on the 
same line. 



A-4 


TABLE A-1 (cont) 

OCMS MEASUREMENT REQUIRE^IENTS 
EXPLANATION OF COLUMN HEADINGS AND CODES 


Glossary 

of Additional- Symbols 


PSIA 

Pounds per square inch. 

absolute 

PSID 

Pounds per square inch. 

differential 

PSIG 

Pounds per square inch, 

gage 


Degrees, Rankin 


°r 

Degrees, Fahrenheit 


o/c 

Open/closed 


sec 

Second 


F.S. 

Full scale 


S/S 

Steady-state 


T/C 

Time constant 


MS 

Millisecond 


VDC 

Volts direct current 



Micron 


HP: I 

Revolutions per minute 


TED 

To be determined 


HZ 

Hertz 


M.R. 

Mixture ratio 


(A) 

Analog 


(D) 

Discrete 


N/A 

Not applicable 


lb. 

Pound 


c/u 

Covered /uncovered 


" = in 

Inch 


K = 

1000 




iSLOoirr 




IDENTITY 

CODE 


QTY, RAKGE & DHITS 


ALLOW. KESPONSE 


TABLE A-1 (Cojit.) 

OCMS MEASgREMENI SEQUIBEHENIS 


utr ACTIVITY 


EOLDOui frame ^ 

A “5 and A- 6 
SUB SYSTEM: 1.1, 4,1 Mala Engine 


INTERNAL 

SAMPLE 

RATE 


0-50 PSIA +0.5% 10 HZ 


M2 P-l-ME 



M I Start, S/S, Shutdown 


PfLPTPAd Out-Of-Limits 


and per FMEAb, 


Start, S/S, Shutdown 


Start 


FI I Fuel Reuirc. Regulator 


and per FMEA 


M jstartj s/s. Shutdown 


FI t PfRPTPAd Out-Of-Limit 


and per FMEAs ' 


Start, Shutdown 


Start, s/s, Shutdown 
S/S 


Start 


FI PcMCC Out-Of-Limits 


and per FMEAs 


Start 


Start, s/s. Shutdown 

20/sec 

Start 

20/sec 

PoLPTPAri Out-Of-Llmlt 


and per FMSA 

BSlHi 

Start, S/S, Shutdown 


S/S 

20/ sec 

Start 

20/sec 

PoHPTPAd Out-Of-Limlt 


and per FMEAs. 

A.R. 

Start, Shutdown 

20/sce 

Start, s/s, Shutdown 

20/sec 

s/s 

20/ sec 

Start 

20/ sec 

pcM^^C Out-Of-L±mit 


6c per FMEA 

A.R. 


* Per Engine ** See Haiti Sngine Data Rate Analysis, Table IV-2 














































































































IDENTITY 

CODE 


HOLDOUT FRAM^ j 


QTY. EAHGE & UNITS 


^UDOy.!''riirt*viU ^ 


TABLE A-1 (ContO 
OCMS MEASUREMENT REQUIREMENTS 


RESPONSE 

RATE 


mAS. 
media ' TYPE 



A-7 and A*8 

(Continued) 

'SUBSYSTEM: Main Engine 


TIME OP DATA ACTIVITY 
Start 


Start, S/s, Shutdown 


Seal Failure 


KPOTPA Cavity Seal 


Start, S/S, Shutdown 


S/S 


Start, S/S, Shutdown 


EoHPTPAd Out-Of-Limit 


Start, S/S, Shutdown 


Start, S/S, Shutdown 


Start, S/S 


Pc Out-Of-Llmlts 


Thrust Out-Of -Limit 


Start 


Start, S/S, Shutdown 


Start, s/s. Shutdown 


VAC, Jacket Leak 


Start, s/s. Shutdown 


Start, s/s. Shutdown 


Start, s/s 


PcOPB and PcFPB 


Out-Of-Llmit 


Start, S/S, Shutdown 


Start, s/s. Shutdown 


Start, S/S 


PcMCC Out-0£~LiiQits 


Start, s/s. Shutdown 


Start, s/s. Shutdown 


INTERNAL 

SAMPLE 



IDO/sec 


100/sec 


100/sec 



100/sec 


100/sec 
















































































































TiBLE A-1 (Cont.) 

OCMS MEASUHEKEKT REQUIREMENTS 


APCI/G 


FOLDOUT FRAME 

A-9 an<J A- 10 
( Continued) 

SUBSYSIEM ; 1.1. 4.1 Kr.Mr,^ 


“ QXY. HA«0E . ONITO 


0-7000 PSIA 


APfFPBI/C 1 I 0-1000 PSID 


iiPfOPBl/C 2 0-1500 PSID 


RBSPONSE 
■ RATfi 


1 0-1500 PSIA +0.5% 



TIME OF DATA ACTIVITY 


Start, S/Sj Shutdown. 


Start, S/S, Shutdown 


S/S 


PcOPB Out-Of-Limit 


Start, s/s. Shutdown 


Start, s/s, Shutdown 


PcFPB Out-Of-Limit 


Start, S/S, Shutdcrim 


Start, S/S, Shutdown 


S/S 


PcOPB Out-Of -limit 


Start, S/S (Out-Of-Limit) 


Per FMEA 1.1. 1.7 


Start, s/s, Shutdoxm 


Start, Shutdown 


Check Valve Verif, 


During Load 6e Purge 


PoT-1 Out-Of-Limit 


Start, S/S, Shutdown 


Start, Shutdown 


Check Valve Verif, 


FI PfT-1 Out-Of-Limlt 


Start, Shutdown 


Start, s/s, Shutdown 


Start, Shutdown 


CK. Valve Verification 


FI Fuel Purge CiC. Valve 


100/sec 


100/sec 


100/ sec 



REMARKS 


Per Engine ** See Main Engine Data Rate Analysis, Table IV-2 











































































































IDEHTIIY 

CODE 


^LDOUT FRAMB j 


QTY. RAMGS & UNITS 




TABLE A-1 (Cont.) 

OCMS MEASUREMENT REQDIHEMEMTS 


RESPONSE 

RATE 



^XDOlIT FRAME 2. 

A-11 and. A-12 
(Continued) 

SUESYSTEM;1.1> 4,1 Main Engine 


TIME OF DATA ACTIVITY 


Statct, S/Sf Shutdown 


Start, Shutdown 


CK. Valve Verification 


Oxid, Purge CK. Valve 


Start, Shutdown 


Start, S/S, Shutdown 


Start, Shutdown 


CK* Valve Verification 


FI Preb. Purge GK. Valves 


C I Start, Shutdown 


M,T [Start, S/S, Shutdown 


Purge Select Valve No-Go 


Start, s/s, Shutdown. 


Start, s/s. Shutdown 


Preflight 


Gimbal Failure 


Start, S/S, Shutdown 


Start, s/s, Shutdown 


Preflight 


Gimbal Failure 


Start, S/S, Shutdown 


5/S 


Pitch Gijrbal Failure 


S tart » S/S , Shutdown 


S/S 


Yaw Gimbal Failure 


M,T [start, S/S, Shutdown 


Filter Failure 


Start, s/s. Shutdown 


Start, S/S, Shutdown 


PMOPB Out-D£-Limits 


and per FMEA, 



* Per Engine 


** See Main Engine Data Rate Annlvais. Table tv-9 




























































































































£OLDOUT FRAM^ | 


IDENTIXY 

CODE 




QT?, RANGE & UNITS 


0 5000 PSIA 


ALLOW. RESPONSE 

ERROR RATE 


TABLE A-1 (Cant.) 

OCMS KEASUREMEKT REOUIKEMEHTS 


FLUID. MEAS. DATA . 

MEDIA TYPE USE ACTIVITY 




0.5 sec 1 T/C D 



+3°F 

1 0.5 Sec 1 I/G 

D 

Hot H2 

t-16-ME 

M 


S t ar t , S / S , Shu tdown 


M Start, s/s. Shutdown 


FI IpoMCCFMd Out-Of-Limit 


and per JMEA 


T-16-ME [ M {start, S/S, Shutdown 


FI PcMCC 0ut-Of‘*Limlt 


and per FMEA 




0,5 sec 1 T/G 1 


L02 

T-17-ME 



3“E i 0.5 sec 1 T/G [ D | LH2 |t-17-ME 


0.5 sec 1 T/C I D 


0,5 sec 1 T/C D 


6“f i 0.5 sec 1 T/C 


PcMCC Out^Of-Lialt 


and per FMEA 


Start, S/S, Shutdown 


S/S 


M {Start, S/S, Shutdown 


FI [FHOPB Out-Of-Limit 


Start 


M Start, S/S, Shutdown 


R Propellant load 


FI |p£LPTPAd Out-Of-Limit 


and per FMEA 


T-17-ME j C [prestaxt 


Pres tart 


Start, S/S, Shutdown 





FI FMDMGC Out-Of-Limit 


C [start, S/S, Shutdown 


M Start, S/S, Shutdown 


P S/S 


FI PcFPB Out-Of-Limit 


and .per FMEA 


C Start, S/S, Shutdown 


M Start, S/S, Shutdown 


FI PcOPB Out-Of-Limit 


and per FMEA 


RAIE 


100/sec 


100/$ec 


FOLDOUT FRAME 2 

A-13 and A-14 
(Continued) 

SUBSYSTEM: 4,1 Main Engine 


REMARKS 





* Per Engine 


** See Main Engine Data Rate Analysis, Table IV-2 



























































































































^QLDOU'i VRAM§ f 


TABH: A-1 (Gout.) 

OCMS MEASUREMENT RIQUTREMENTS 


IDENTITY 

CODE 


qV range «^SE0KSE ■ FLUID' 

I J ERKOR RATE MEDIA 


2 I 160-180®R I +0.6®F I 0.5 sec 1 T/C 


MEAS. PAIJA 
TYPE USE 


TIME OF DATA ACTIVITY 



M Start, S/S, Shutdown 


R Propellant Load 


FI jPoLPTPAd Out-Of-Limit 


and per FMEA 


M |pre~Start, Post-Bum, 


FI jPuel Main Valve LK, 


or Auto^p CK Valve LK. 


H |Pre-start> Post-Burn 


FI Leakage Detected 


FI Oxid, Main Valve Lk, 


or Autog. Ck. Valve Lk. 


H Pre-start, Post-Bum 


FI jNozz, Cool. Valve Leak. 


Start, Shutdown 


Start, S/Sj Shutdown 


Start, S/S, Shutdown 


Start, S/S^ Shutdown 


Start 


Start, S/S, Shutdown 


Start, s/s, Shutodwn 


Start, s/s, Shutdown 


Start 


Start, s/s, Shutdown 


Start, S/S, Shutdown 


Start, S/S, Shutdown 


PJLDOUT FRAME ^ 

A- 15 and A-16 

(Continued) 

SUBSYSTEM: Engine 


REMARKS 



+1.07. lOHZ Resp 


■st Per Engine ’Wr see Main Engine Data Rate Analysis, Table lV-2 
























































































































































IBENTITY 

CODE 

LGAP (a) 




FOLDOUT FRAM4-1 


qVi. EAMGE & UHlrS 


TAB3LE A-1 (Gone.) 

OCMS MEASUREMEHT REOUIREMEMTS 


FOLDUUI KKAME, 2- 

A-17 and A-IS 
(Continued) 

SUBSYSTEM: 1.1, 4,1 Main Engine 


Allow. RESPONSE 

ERROR RATE 


1 i 100-0-100% +1.0% lOHZ Resp- 




MEAS, DATA 
TYPE USE 

PN-18-ME T 


PN-18-ME M 



TIME OF DATA ACTIVITY 
Mains tase 


INTERNALT 

SAMPLE I 



iPfFPBi and PfOPBi 


I No-Go 


Start, Shutdown 


Load & Purge 


PcMCC No-Go 


Start 


Load & Purge 


PcOPD No-Go 


Start 


Load St Purge 


PcOPB No-Go 


Start 


Load St Purge 


PcFPB No-Go 


Start, Shutdown 


Load & Purge 


PoLPTPAd No-Go 


Start, Shutdown 


load Sc Purge 


PfLPFTP^l No-Go 


Start, Shutdown 


Load & Pi 
TfFRL Ni 


Start, .Shutdown 


Load & Purge 


OPB Ignition Failure 


Start 


Start, Shutdown 


Load 6t Purge 

E.O. 

FFB Ignition Failure 


Start 

E.O, 


* Per Euaine 


** See Main Engine Data Rate Analysis, Table lV-2 


































































































































RAl^GE & UNITS 


ALLOW, 

ERROR 


RESPONSE 
RATE ' 


MTC. 


IDENTITY 

CODE 

LIOVMCC(D) 


I QTY, 


On/Off 


30-50 MSEC 


CE 





TABLE A-1 (ContO 
OCMS MEASUREMENT REQUIREMENTS 


Tm' Tse activity 

PN-19-WE C Start, Shutdown 


R Load & Purge 


FI jMCC Ignition Failure 


Start 


Start, Shutdown 


ad & ? 


PhePBSVo No “Go 


Start, Shutdown 


PN-19-ME I C Istart, Shutdown 


Load & Purge 


I FI PheOTECVi No-Go 


T 


PN-19-Me| C Istart, Shutdown 


R Load & Purge 


FI |pheFTPC7i No-Go 


Start, Shutdown 


PN-19-ME R Pre-Load 


C Pre-Start, Purge 


N Closure During Sya. Oper. 


FI PheEPOTPA No-Go 


PN-19-ME I R Pre-Load 


C [Pre-Start 


FI [PoLPTPAs and PfLPTPAs 


Out-Of-Llinits 


PN-l9-MEj R |pre-Load 


Pre-Start 


FI PPS No-Go 


PN-19-MR| C [start, Shutdown 


Load & Purge 


FN-19-ME 


pn-19-me| c 


PNrl9-ME C 


£OLDOUT- FRAME, n. 

A-19 and A- 20 
(Continued) 

SUBSYSTEM; 1,1, 4,1 Main Engine 


TEECV Ho-Go 

A.R, 

Start, Shutdown 

E.O. 

Start, Shutdown 

E.O. 

Start, Shutdown 

E.O, 

Start, Shutdown 

E.O. 



Compute oper, time 


Orbiter Only 


Orbiter Only 


Orbiter Only 






























































































































feOLDOUT FRAWir l 


P0Lf30Ut frame X 


TABLE A-1 (Coat.) 

QCMS MSASUREMSWT REQUIREMENTS 


A-21 and A-22 


(Continued 

SUBSYSTEM: 1.1. A.l Main Engine 


“ QTT. HA.GB . UNITS 


RESPONSE 

HATE 


MEAS. DATA 
TYPE USE 


TIMS OF DATA ACTIVITY 



* vex Engine 


** See Main Engine Data Rate Analyala, Table IV-2 
































































































































FOLDOUT FRAME- 


TABLE A-1 (Cent.) 

OGMS KEASUIEMEMI aEQUIREMEKTS 


EDLDOUT FRANCE "2. 

A-23 and A-24 
(Continued) 

SUBSYSTEM:. 1.1, 4.1 Main Engine 


IDENTITY 

CODS 


QTY^ RAKGE & UNITS 


I ALLOW. RESPONSE 


FLUID MEAS. DATA 

MEDIA TYPE USE 


TIME OF DATA ACTIVITY 


INTERNAL 

S^LE 


RATE 


100/sec 


100/sec 


100/sec 



* Pat EnolTie 


** See 










































































































































■pOl^DOUT FRAMt 


FOLDOUT PRAMS | 


IDEHTITY 

CODE 


DIMCC 

1 2 i 

IBD 

TBD 

5MS 



QTY. RANGE & UNITS 
2 800 Ibs/sec +0.75% 


2 


RESPONSE 

KATE 



2 TED 



0-100% 1 

±7% 

TBD 




0.1 Ib/sec 1 

i ±57« 

1 5 MS F.S. 

B 1 

fGHe,G02 

|f- 23-ME j 



TABLE A-1 (Cont.) 

QCMS HBASDREMEKI KEQTTISEMEHTS 


TIME OF DATA ACTIVITY 


C { start} s/s > Shutdown 


P |s/s 


PI PcMGC Out-Of “Limit 


land per FMEA 


OPB Ignition Failure 


OPB Ignition Failure 


Start 


Start 


FPB Ignition Failure 


FPB Ignition Failure 


Start 


Start 


W MGG Ignition Failure 


FI |mCC Ignition .Failure 


Start 


Startj SfS, Shutdown 


M Start, s/s. Shutdown 


FI PhS Out-Of-Limita 


C jstart, S/S/, Shutdown 


Shutdown 


C [Start, s/s. Shutdown 


I J Shutdown 




RATE 

loo/sec 


100/sec 


A“25 and A- 26 
(Continued) 

SUBSYSTEM: 1.1, 4.1 Main Engine 
REMARKS 


Eng, Cent, 


Per Engine 


** See Main Engine Data Rate Analysis, Table IV-2 





















































































FOLDOUT FRAMf j 


IDENTITY 

CODS 


QXY. EMCE . U.ITS 

2 0-50 PSIA +2 PSIA 20 PSI/GEe 


TABLE A-1 (Cent.) 

OCMS MEASUEEMENT REQPIREMEHTS 


^e" use* activity 



QoT-2 1 

L J 

c/u 

+0.13^ 

0.001 sec 

D 

L02 



LH2 Load 


Slow LH2 Fill 


Load & Purge 


PoT-l Out-of-Limit 


e 


Load & Purge 


PoL-1,2 Out-Of-Llait 


Load & Purge 


P JET-1 Out -Of -Limit 


System In Use 


Load 


PfF-1 Out-Of-Lljnlta 


L02 Load 


Main Engine Burn 


L02 Load 


Main Engine Burn 


Load 

A„R. 

L02 Load 

10/sec 

Load 

A«K.v 

LH2 Load 

lO/sec 

Main Engine Bum 

10/sec 

Load 

A^R. 

L02 Load 

lO/sec 

Main Engine Burn 


Load 



fOLDOUT FRAME 

A- 27 and A- 28 

SUB^STEM:1^2 Boost. Main Prop^Msmi:. 

DIU 

jjQ REMARKS 


T-1 (A&B) irilaee 




I-l(A5iB) Bottom 


After QoT“2 Uncovers 


T-1 (AKB) Middle 



T-2 <ASB) Bottom 


After QfT“2 Uncovers 
















































































































































































IDENTirt 

CODE 


fOLDOJJJ .FMMS 


QTY. I RANGE 5e UNITS 


TABLE A»1 (Cont.) 

0CM5 'MEASUREMENT REQUIREMENTS 


RESPONSE 

RATE 


MEAS. DATA 
TYPE USE 




14 

0/28VBC I 

+20% 


4 

0/28TOC 

+20% 

VOY7-a-4) 

8 

0/28VBG 


VOFV'"! 

2 

0/2SVDC 


VTIV-a-7) 

14 


L+20% 

VFW-(l-4) 

8 

^ 0/28VDC 

mm 

VFFV-1 

2 

0/28VDC 


EgRI-l 

2 

O-ZOO PSIA 



TIME OF DATA ACTIVITY 


LH2 Load 


Lead 


Per Poa* Status List 


low Engine Thrust 


Per Pos* Status list 


Improper Pill Rate 


Low Engine Thrust 


L02 Lo^ Sc Purge 


PoT-1 Out of Limit 


L02 load & Purge 


Improper Fill Rate 


Per Pos* Status List 


LH2 Load & Purge 


PfT-1 Out of Limits 


LH2 Load & Purge 


L02 Load 6c Purge 


PoF“l Out of Limits 


L02 ReclreuIaCion 


PgRL~l Out of Limits 




LOP- (1-7) No-Go 


L0I7-1.2 No-Go 


20 PSI/sec 


TOLDOUT FRAME Z. 

A-29 and A-30 

SUBSYSTEM: I- 2 Boost. Main Prop. MSmt . 


REMARKS 


T-2 (A&B) TOP 


EX-1 

FI 

LOFF-l Ho-Go 

EX-1 

FI 

UI7-(l-7) No-Go 

EX-1 

FI 

OW-Cl-4) No-Go 

EX-1 

FI 

UFV-1 No-Go 

F-3 

M 

L02 Load 


R 

Load & Purge ' 











































































































































































FOLDOUT FRAMlg ( 


TABLE A-1 (Cont.) 

OCMS MEASUREMENT REQUIRJMBKTS 


fOLDOUT FRAME 2- 

A-31 and A-32 

. SUBSYSTEM: 1.2 Boost:. Main Prop. Mgmt:, 


IBESTITY 

CODE 


QTY, 

RANGE & UNITS 

ALLOW. 

ERROR 

RESPONSE 

RATE 

MTG. 

FLUIP 

MEDIA 

14 

0-200 PSIA 

+2 PSIA 

20 PSI/sec 

D 

102 


TIME OP DATA ACTIVITY 




































































TABLE A-1 <Cont.) 

OCMS MEASDREMEKT KEOBIRFMFTOTS 


IDENTITY 

CODE 


EgO-8 


FgO-9 


BgO-10 


P ^-8 


P^-9 


PsP-lO 


LOPCV-1,2 


LFPCT-1,2 


LHC-3, 4 


VOPCV-1,2 


?FPCV'-I,2 


QIY, RANGE & UNITS 


2 0-1200 PSIA 


2 0-1200 PSIA 


2 I 0-1200 PSIA 


2 0-1200 PSIA 


2 i 0-1200 PSIA 


2 0-1200 PSIA 


RESPONSE 

RATE 




1 0/C 


- 

CE 

GH2,GHe1 

PN-3A 




CE lG02,GHe 



TIME OP DATA ACTIVITY 


Main Engine Operation 


PoT-1 Out-Of-Liinits 


Main Engine Operation 


PoT-1 Oat-Of-Limite 


Main Engine Operation 


PoT-1 Out-Of-Iimits 


Main Engine Operation 


P£T-1 Out-Of -limits 


Main Engine Operation 


Main Engine Operation 


PfT-1 Out-Of-Llmlts 


Per Pos, Status List 


PoX-i Out-0£-Limlts 


Per Pos, Status List 


PET-1 Out-Of-Llffllts 


Load A Purge 


PfT-1 Out-Of-Llmlta 


Load Sc Purge 


PoT-1 Out-Of -Limits 


LOPCV-1,2 No-Go 


LFPCV-1.2 Ko-Go 


A-33 and A-34 


SUBSYSTEM: 1,3 Booster Main Press, 

























































































































IDEHTITY 

CODE 


FOLDoOt FRAMi j 


QTY. SAHGE & UNITS 


18 


hOLDOUT FRAME 2 


RESPONSE 

RATE 


LBIV-(21-38) 18 0/C 


LIOV- (21-38) I 18 I 0/C 


LHV-(21-38) 18 


VB IV- (21-38) 

18 

0/28VDC 

VMBV- (21-38) 

13 

0/28VDC 

VIOV- (21-38) 

18 

0/28VDG 

VIF7-(21-38) 

18 

0/28VDC 

VII-(21-38) 

18 

0/2SVDC 




IIE- (21-38) 

18 

TBD 


TABLE A-1 (Cont.) 

OCMS MEASUREMENT REQUIREMENTS 


LMBV- (21-38) 

18 

0/G 


0.01 sec 

GE 


0,01/sec 


DATA 

USE 

TIME OF DATA ACTIVITY 

C 

RCS Engine Start 


RCS Engine -Bnra 

mm 

RCS EngiiiB No-Go 

wm 


El 

Pc- (21-38) No-Go 

a 

Load S: Purge 

R 

RCS Engine Bum . 

FI 

Pe-(21-38) No-Go 

R 

load & Purge 

R 

RCS Engine Bum 

FI 

PC- (21-38) No-Go 

R 

Load £c Purge 


ECS Engine Burn 


Pc- (21-38) No-Go 


LB IV- (21-38) No-Go 


LMBV- (21-38) No-Go 


LIOV- (21-38) No-Go 


LIW- (21-38) Ko-Go 


Ignition Failure 


Ignition Failure 


A-35 and A-36 

SUBSYSTEM: 2.1 Booster RGS Engine 
REMARKS 


Thxuster-(21-38) 


Thruster- (21-38) 


Thruster - (21-38) 


Thruster-(21-38) 


Thruster-(21-38) 


Thruster- (21-38) 


Thmster-(21-38) 









































































































TOLDOUT FRAWli ( 



IAEI,E A-1 (Gont.) 
MSASPREMSKT KSQUIKEMEKTS 


FULUUUi frwe: j - 

A-37 and A-33 

SUBSYSTBM: 2.2 Boost.AFS Prop. Mgmt. 


DATA 

USE 

TIME OP BATA ACTIVITY 

SAMPLE 

RATE 

M 

Purge, System Secure 

1/sec 

E 

Load & Purge 

A,R. 

FX 

Leakage Detected 


c 

System Active 

l/sec 

R 

Load & Purge 

A.R, 

FI 

Leakage Detected 

A»R» 

M 

Purge* System Secure 

1/ sec 

R 

Load £c Purge 

A.R. 

FI 

Leakage Detected 

A.R. 

G 

System Active 

l/SEC 

R 

Load 6e Purge 

A.R. 

FI 

Leakage Detected 

A.R. 

R 

Pref light, PoBtf light 

s.o. 

ES 

Leakage Detected 



RCS Feedline PR, Ko-Go 


R 

Preflight, PostfLight 

E.O. 

FI 

Leakage Detected 

A.R. 

FI 

RCS Feedltne PR, No-Go 

A.R. 

M 

RCS/Sep* Sya , Active " 

5/sec 

R 

Load & Purge 

A.R. 

FI 

RCS/Sep, Thruster Ko-Go 


M 

Sep. System Active 

mmrn 

R 

Load & Purge 

A.R. 

FI 

Sep* Thruster No-Go 

A.R. “ 

M 

SCS/Sep. Sys, Active - 

5/sec 

R 

Load & Purge 

A.R. 

FI 

RCS/Sep. Thruster No-Go 

A.R. 

M 

Sep. System Active 

5/sec 

R 

Load St Purge 

A.R. 

FI 

Sep. Thruster Ko'-Go 

A.R. 

M 

RCS/Sep. Sys. Active 

5/sec 

R 

• Load & Purge 


FI 

RCS/Sep. Thruster No-Go 


M 

Sep. System Active 


R 

lioad & Purge 

A.R. 

FI 

^ep;. Thruster No-Go 

A.R. 






















































































































































































XOLDOUT FRAM9 ( 


TABLE A-1 (CoGt.) 

OCMS MEASnSEMEST REQUIBEMESTS 


QTY, RANGE &UHIIS 


RESPONSE , 

RATE MEDIA 


0-50 PSIA 


ToT-(2-5) 


TfT-(2-5) 


L0PV-(l-8) 8 0/C 


1000 PSI/aec I D I GE2 



20 PSI/sec 

D 

GH2 

P-lA 


TIME OF DATA ACTIVITY 


Res /Sep* Sys. Active 


Load 5c Purge 


RCS/Sep. Thruster No-Go 


Sep* System Active 


Sep* Thruster No-Go 


Purge* System Secure 


Load 5i Purge 


Leakage Detected 


Purge, System Secure 


Load & Purge 


Leakage Detected 


Purge, System Secure 


Load & Purge 


Leakage Detected 


Purge, System Secure 


Load 5c Purge 


Leakage Detected 


Purge, System Secure 


Load 6e Purge 


Leakage Detected 


Purge System Secure 


Load St. Purge 


Leakage Detected 


Purge, System Secure 


Load £c Purge 


Leakage Detected 
Purge, System Secure 










fiOLDOUT FRAME 2, 

A-39 and A-40 
(Continued) 

SUBSY STEM: 2,2 Boost. APS Prop* Mgmt* 


remarks 

Fwd RCS/SepF'dline,Boom B 




r-(4,5,7,6) ‘Resp. 


T-<8-ll) Resp. 










































































































































































foldout 


tabu; A-1 (Cont.) 

OCMS MSAsnREMEKT REQUIREMENT S 


“co™ MKGE& UNITS 


RESPONSE 

RATE 


TIME OF DATA ACTIVITY 


HOLDOUT Ff?AWIE ^ 

A-41 and A-42 
(Continued) 

I SUBSYSTEM: Boost. APS Prop. Mgmt. 


REMARKS 










































































HOLDOUT, frame 


TABLE A-1 (CoRt.) 

OCMS MEASnEtEMEMT BEQUIREMENTS 


IDENTITY 

CODE 


EAHGE & UNITS 


0-1000 PSIA 


RESPONSE 

KATE 





TIME OF DATA ACTIVITY 


Subsys, Start £5 Shutdown 


Subsystem Operating 


PPD-Cl-3) Mo-Go 


Subsystem Operation 


G*Gr Preatart 


Subsystem Operating 


Start-Up 


PfL- (13-19) or 


PHEO-91-3) No-Go 


Subsys* Operating 


TKE-<1-3) No-Go 


Subsys* Operating 


PPD-(l-3) No-Go 


Subsystem Operating 


G.G Start-Up 


P?TL-(l-3) Mo-Go 


Subsys. Start 


Subsys, Operating 


PPD-Cl-3) No-Go 


Sub ay a. Readiness CK. 


Load & Purge 


Pc- (39-41) Out-Of -Limit 


Subsys, Readiness GK. 


Load Purge 


Pc- (39-41) 0ut-0£-Limlt ‘ 


Subsys, Start & Shutdcnm 


Load & Purge 


Pc-(39-4I) Out-Of-Limits 


Subsys, Start & Shutdown 


Load £c Purge 


Pc-(39-41) Out-Of-Limit 


G.G, Start & Shutdown 


Load & Purge 


PC- (39-41) Out -Of -Limit 


G.G. Start §e Shutdown 


Load 6c Purge 


Pc-(39-41) Out-Of-Limit 


A.R. 


i/sec 


A.R, 


1/2 sec 




-FOLDOUT FRAM^-2 

A-43 and A-44 

SUBSYSTEM: 2.3 B coat., Hydrogen Cond, 


G-(l-3) 





































































































































































^LDOUT FRAME 


TABLE A-1 (Cont.) 

OCMS MEASUREMENT REOUIREMEMTS 


range & UNITS 


LFIV-(8-I0) 3 0/C 


LPSV-(l-3) I 3 I 0/C 


ALLOW. RESPONSE 

ERROR RATE 



TDfE OF DATA ACTIVITY 


Load, Piirge, Pre-Start, 


PPD-(l-3) Ko-Go 


Subsys, Start & Shutdown 


Load & Purge 


PPD-(l-3) No-Go 


Load, Purge, Pre-Start 


PHEO-(l-3) No-Gp 


Resupply Operation 


Load Sc Purge 


PHEO-(l-3) Ho-Go 


LG0V-(1I-3I) No-Go 


LGEV- (11-31) Ho-Go 


LG0V-(l-3) No-Go 


LGEV- (1-3) No-Go 


LXFV-(39-41) Ko-Go 


LPIV-(8-10) No-Go 


LPSV-(l-3) Ko-Go 


LRIV-(l-3) No-Go 
LRPV-(l-3) Ko-Go 


Load, Purge, Start 


Start No-Go 


G,G. Ignition Failure 


G.G. Ignition Failure 


PPD-(l-3) Out-Of-Llmit 


PPD-(l-3) Out-Of -Limit 


GH2 Resupply Ho-Go 


GH2 Resupply 


(EQLDOUT FRAMg 2. 

A“45 and A-46 

(Continued) 

SUBSYSTEM; 2»3 Boost» Hydrogen Gond, 


REMARKS 






Leakage Detector 


Subsystem Operation 


Subsystem Operation 


PPD-(1“3) No-Go 


Subsystem Operation 


Resupply Operation 


PHE0-(l-3) Out-Of-Limlt 





































































































































































































^LDOUt FRAME 2. 


FOLDOUT Ff?AME 


TABLE A-1 (Gout.) 

OCMS HEASUREMEtfT REOUIHEMESTS 


IDENTITY 

CODE 

QTY. 

RANGE & UNITS 

RESPONSE 

RATE 

MIG, 

FLUID 

MEDIA 

PTI- (1-3) 

3 


50 PSi/see 

D 

G02 

1 PTD-Cl-3) 

3 


1500 PSI/sec 

D 

G02 


PPTL-C4-6) 3 0-100 PSIG 


0-1000 PSIA 


20 PSI/eec 






TPTL-C4-6) I 3 


Tc-(4-6) I 3 


QPIL-(4-6) 3 0-6 inch L,125" 


D j Oil 


D I Hot Gas I P-5 


D I Oil I T-5 M 


PI 


D I Hot Gas I T-7 | M 


PI 



12 in*/sec 


D 

Oil 





TIME OF DATA ACTIVITY 


PTD-(l-3) Out-Of-Iimit 


G02 Sesupply 


G02 Resupply 


G.G. Prestart 


Subsys, Start & Shutdown 


G02 Resupply 


PT33-(L-3) Out-Of-Llmlt 


GO 2 Resupply 


602 Resupply 


PTD-Cl-3) No-Go 


602 Resupply 


6.G, Prestart 



1/2 sec 


E,0, 


A*R, 


1/sec 


A.R, 


1/2 sec 


A,R. 


1/2 sec 


E.Oa 




3 I 0/C 


LTSV-{l-3) 3 0/C 


PK-2A j R 


FI 


PH-S R 



PPTL-C4-5) No-Go 

A.R. 

G*G, Start 

E.O. 

G02 Resupply 

2/aec 

PTD- (1-3) No-Go 

A.R. 

Subsys. Readiness CK. 

E.O. 

Load & Purge 

A.R. 

Pc- (42-44) No-Go 


Subsys, Start & Shutdown 


Load & Purge, 

A.R. 

Pc- (42-44) No-Go 


Subsys. Readiness CK« 

E.O. 

Load & Purge 

A.R. 

Pc- (4 2-44) No. Go 


Subsys, Start Sc Shutdown 


Load & Purge 


pc- (42-44)’ No-Go 

A.R. 

Load^ Purge, Pre-Start 

E.O. 

PTD-(l-3) No-Go 

A.R. 

Sub37a. Start & Shutdown 

E.O. 

Load & Purge 

A.R. 

TlD-(l-3) No-Go 

A.R. 


- A-47 and A-48 

SUBSYSTEM* Boost. Os^gsn Cond, 


GU-(l-3) 


CU-(l-3) 














































































































































































£QLDOUT FRAME 


TABLE A-1 (Cone.) 

OCMS MEASTJKEMEMT KEOUIRBlBKrS 


IDENTITY 

CODE 


IIDV- (42-44) 


QTY. RANGE & UNITS 


RESFONSE 

RATE 


AT- (4-6) 

3 

0-5g 

ATC-a-3) 

3 

0-5g 





0-5 KRZ 

CE 

0-5 KHZ 

CE 



A- 49 and A- 50 
(Continued) 

SUBSYSTEM : 2.4 Boost.Ozygen Good. 



TIME OF DATA ACTIVITY 


G.G, Start & Shutdown 


Load & Purge 


PC- (42-44) No-Go 


G.G. Start & Shutdown 


Load & Purge 


Pc-(42-44) No-Go 


LG0V-(4I-6I) NorGo 


REMARKS 



LGW- (41-61) No-Go 

A-R. 

LGFV-(4-6) No-Go 

AeR. 


LTSV-(L-3) No Go 


LOT- (42-44) No-Go 


LIFV- (42-44) No-Go 


Load, Purge, Start 


Start No-Go 


G.G, Ignition'Pailure 


G.G, Ignition Failure 


PTD-(l-3) Out-Of -Limit 


PTD-(l-3) Out-Of-Limit 


Resupply Operation 


GQ2 Resupply No-Go, or 


Leakage Detected 


G-(4-6). 



GOT- (4-6) 


G0V-(4-6) 


GFV-(4-6) 


GFV-(4-6) 


V-57,59,61 










































































































































IDENTITY 

CODE 


tPUDOUI IrRAiVlE I 


QTY. RANGE & UNITS 




ALLOW. RESPONSE 

ERROR SATE 


I BATE ■MEDIA 

50^000 PSi/sec D Hot Gas 


TABLE A-1 CCont.) 

OCMS MEASUREMENT REQUIREMENTS 


™ utf time OE DATA ACTIVITY 


HOLDOUT FRAME 


A-51 and A-52 

SUBSYS TEM ; 2>5 Boost, APS Sep, Engine 
DIU 

jjQ REMARKS 


ThruBter-(L-20) 


































































































EOLDOUT FRAME / 


TABIfi A-1 (cent.) 

OCMS MEASUREMEiaT HEQDIMMMTS 


IDEHTITY 

CODE 


Pc- (45-47) 


QTV, RANGE & UNITS 


3 0-1000 PSIA 


ALLOW. RESPONSE 


FLUID MEAS. DATA 

MEDIA TIPE USE 


TIME OF DATA ACTIVITY 


50,000 PSl/sec| D | Hot Gas | P-5 


VI07-(45-47) 


¥IFV-(45-47) 


VGFV-(7-9) 


7G07-(7I-9I) 


TCBV- (71-91) 


3 

0/28VDC 

3 

0/28VDC 

3 

0/28VDC 

3 

0/28VDC 

3 


3 

0/28VDC 


£OLDOUT FRAMg ^ 

A-53 and A-54 

SUBSYSTEM; 2,6 Boost, APS AUX. gWR. Unit 
MU 

remarks 


G [ APU start Sc Shutdown 


M APU Operation. 


S’! NT-(7“9) Out-Of-Llmit 


P-2A M , 


R I G,G. Preatart 


M APU Operation 


W1 \ NT-C7-9) Out-Of-Llmits 


A.R* 


• 1/sec 


A,R. 


1/2 sec 


E*0. 


1/2 sec 


A.R. 


1/2 sec 


B.O. 


A.R. 



LIOV-(45-47) 

No-Go 

LIFV-C45-47) 

Ko-Go 

LGQV-(7-9) : 

Ko-Go 


LGOV-(7I-9I) 

Mo-Go 

lGFV-( 71-91)’ 

No "Go 



























































































































































EOLDOUT / 


I ABLE A-1 (Gont.) 

OCMS MEASGREMENY REOUIBOtEMTS 


EQUDOUI FBAWIE ^ 


A-55 and A-56 


(Continued) 

SUBSYSTEM; 2.6 Boost. APS ATK. PWR. Unit 


IDEKTITY 

CODE 


IVII- (45-47) 


QTY, RANGE & UNITS 


RESPONSE 

SATE 


WEAS. 

DATA 

TYPE 

USE 

vo-i 

R 


FI 

VO-2 

FI 

• cn -2 

FI 


TIME OF DATA ACTIVITY 













































^LDOUT FfV\WlE.( 


TAELS A-1 (Gout.) 

OCMS iteASUREMEMT KEOIrTRTMKWTS 


inENTITY 

CODE 

ir 

QTY, 

SAKGE & UNITS 

ALLOW. 

ERROR 

RESPONSE 

RATE 

WTG, 

FLUID 

MEDIA 

MEAS. 

TYPE 

DATA 
I USE 

TIMB OF DATA ACTIVITY 

PfCCI 

1 

0-60 psia 

t.5 psl 

20 psi/sec 

D 

GH2 ' 

P-l-TF 

FI 

Eng ine. Waif unction 

PLPD 

1 

0-100 psia 




Lube 

P-2A-TF 


Engine Active 









R 

Engine Startup 









FI 

Engine Malfunction 

PSPD 

1 

0-100 psia 

*.5 psi 

20 psi/ sac 

D 

Lube 

P-2A-TF 

M 

Engine Active 









R 

Engine Startup 









FI 

Engine Malfunction 

PG 

1 

O-lOO .psia 


20 psi/sec 

D 

BISi 

P-2A-TF 

M 

Engine Active 










Engine Malfunction 

PFI. 

1 

0-20 psia 

±.5 pei 

20 psi/sec 

D 

Air 



Engine Active 

PHPT 

1 


± 5. psi 

20 psi/sec 

D 

Hot Gas 

P-3A-IF 

C* 

Engine Active 

FED 

1 

0-150 psia 

+ 2- psi 

20 psi/sec 

D 

Hot Gas 

P-3B-TF 

C* 

Engine Active 

PDVD7P 

L 

0-200 psia 

± 4 psi 

20 psi/sec 

D 

mm 

P-3C-TF 

c* 

Engine Active 









R 

Engine Startup 









FI 

Engine Malfunction 

TfCCI 

1 

0-600“R 

± ID’R 

20 V sec 

D 

GH2 

■T-2-TF 

FI 

Engine Malfunction 

TSPD 

1 

0-1000°F 

+ 20“F 

20°/ sec 

D 

Lube 

T-5A-TF 

M 










R 

Engine Startup 










Engine Malfunction 

TIA 

1 

0-1000®R 

± 20’R 

20 V sec 

D 

Air 

T-4A-TF 


Engine Active 

THPT 

1 

0-2500°R 

± 40“R 

20®/sec 

D 

Hbt Gas 

T-7A-TF 

c* 

Engine Active 

TLPTD 

■■ 

0-2500”R 

+ 40“R 

20°/sec 

D 

Hbt Gas 

T-7A-TF 

c* 

Engine Active 

TED 

MM 

0-2500°R 

± 40 °R 

20Vsec 

D 


T-7A-TF 

c* 

Engine Active 

TCI 

n 

0-2500°R 

± 20 “R 

20V sec 

D 


T-7A-TF 

c* 

Engine Active 

TTB 

1 

0-1500“R 

± 20 “R 

20°/ sec 

D 

Hot Gas 

T-5B-TF 

M 

Engine Active 









R 

Engine Start/ Shutdown 

TFH 

1 

0-600 “R 

± 10 °R 

20*/ sec 



T-2-TF 

FI 

Engine Active 

FfF 

1 

0-20- lb/ sec 



wm 


FR-IA-TI 

c* 

Engine Active 









R 

Engine Start-Stop 

QLO 

1 

0-1 ft 

±;03 ft 

20 ft/ sec 

D 

oil 

L-2A-TF 

M 

Engine Active 


BH 







R 

Engine Start-Stop 

MHPT 

1 

0-15000 rpm 


5000 rpm/ sec 

CE 

- 

SP-3-TF 

G* 

Engine Active 

HF 

1 

0-15000 rpm 


1000 rpm/ sec 

CE 

- 

SP-3TF 

c* 

Engine Active 

KVDVP 

1 

0-20000 rpm 

± 50 rpnj 

1000 rpm/ sec 

CE 

- 

SP-3-TF 

M 

Engine Active 


HH 







R 

Engine Start-Stop 

AFFB 

1 




CE 

^■1 


T 

Engine Active 

AFCB 

1 

0-5 B 

taam 


CE 

1 

V-IA-TF 

T 

Engine Active 


*PaT- ■RnoTTiP 


IQLUpUT FRAME ^ 


A-57 and A-58 

SUBSYSTEM: 3.1, 6.1> Airbreat:hlng Engine 



SAMPLE 

RATE 


DATA 

RATE 


DIU 

NO. 

1 , REMARKS 





i 



— 


IH 


1 

Eng. Coat. 






' 















Eng, Cont, 



a.r. 


















Eng. Cont, 



I^^HI 








H 



Eng. Cont. 

*Gaa Path Analysis 


100/ sec 




Eng. Cont. 

*Gas Path Analysis 


100/ sec 




Eng. Cont. 

*Gas Path Analysis 


100/ sec 




Eng. Cont 

*Gas Path Analysis 


a.r. 







a.r. 







A.E. 




Eng . Cone . 


— 

5/ sec 



' 

Eng. Cont, 


A.r. 







A.r. 







100/ sec 




Eng. Cont. 

*GaB Path Analysis 


100/ sec 




Eng. Cont. 

■*Gas Path Analysis 


100/ sec 




Eng, Cont. 

*Gas Path Analysis 


loo/sec 





*Gas Path Analysis 


100/ Sec 





*Gas Path Analysis 


25/ sec 



(■IB 




A.R. 



i 




A.r. 



HIIHI 




100/ sec 



W^m\ 


*Gae Path Analysis 


A.R. 







5/ sec 




Eng. Cont. 



A.R. 



■ 




100/ sec 



HUI 


*Gas Path Analvsia 


100/ sec 



i^Hli 




10/ sec 



HI! 










■1 

TBD 




Eng, Confc.l 


■1 




mm 









































































































































































































































IDENTITY 

CODE 


ALPRB 


LFIVA/B 


LSDV _ 


B 


®^-QU'f t^KrtivlE I 


QTY^ RAHGE & DHITS 


TABLE A-1 (Cont.) 

OCMS MEASUREIIEHT KEQmRBMENIS 


ALLOW. RESPONSE 

ERROR RATE 


KEAS. DATA 
TYPE USE 


TIME OF DATA ACTIVITY 


Engine Active 


Engine Start/ Shutdown. 


Engine Start/ Shutdown 


PN-3-TF C 


PN-5-TF C 


EX-l-TF FI 


EX-l-TF FI 


EX-'IA-’TE] FI I Engine Malfunction 


VO-l-TF I FI I Ifinition Failure- 


fOLDOUT FRAME ^ 

A-59 and A-60 

(Continued) 

■ SUB S Y STEM ; 3,1, 6,1, Airgreaching Engine 
REMARKS 


1 TBD 


0/28 V 


VO-2-TF FI 


VO-3-TF M 




Hot Gas FL-l-TF 


ACEC 

1 

30 to 160 db 

± 2 db 

LCPRV 

1 

0/C 

- 

PZGL 


0-100 psia 

+.5 psi 

VCPRV 


0/28VDC 



0.1 sec 


R Engine Start-Stop 


FI Engine Malfunction 


CU-3-TF I FI Ignition Failure 


R Engine Start 


CU-4-TF I M Engine Active 


FI Heater Malfunction 


R Engine Start 


Engine Start 


Engine Shutdown 


AG-l-TF T Engine Active 


PN-5-TF R Engine Start 


P-2A-TF R. I Zero G Engine Lube P 


EX-l-W FI LCPRV No-Go 


A.R, 


10/sec 


£ng« Cont« 


Eng . Cent , 


Eng. Cont. 


Eng , Cont . 



Eng , Cont , 


Eng. Cont. 


Eng , Cont . 


























































































































^IJDPUI 




TABIE A-1 (Cont.) 
OCMS.MEASDRmSRT KEQlnumFNT^ 


IDMTITO 

CODE 


QIY. RAMGE & UNITS ' 

rlKKUJx 

2 0-60 PSIA +2 PSIA 


RESPONSE 

RATE 

20 PSI/aeo 


MED] 
~D LH2 



LFW-(5-8) 


LEW" (1-28) 


VEI)V-(l-4) 


VTIV-3 


?EFV-<l-28) 

2S 

LFVC-2 • 

2 



MEAS. DATA 
TYPE USE 




t 0-20 ft 

i +*07 ft 

loo ft/sec 

D 

LH2 



TIME OP DATA ACTIVITY 
Load & Purge 


A/B Sys^ Active 


FF-1 Out-Of-Limit 


Load & Purge 


TF Start & Shutdown 


TF Operation 


Low TF Thrust 


PF-1 Out-Of-Lljnit 


Load & Purge 


TF Start & Shutdown 


TF Operation 


Low TF Thrust 


Load & Purge 


m2 Fill 


Load 5t Purge 


A/B sys. Active 


A/B No-Go 


Load & Purge 


FF-1 No-Go 


Load Se Purge 


Cruise T. Fill No-Go 


Load & Purge 


PfT-10 Out-Of -Limit 


Load & Purge 


TF Start & Shutdown 


LFDV-(l-4) No-Go 


LFFV-3 No-Go 


LFW"(5"8) No-Go 


LEFV-Cl-28) Ko-Go 


Load & Purge 


FfT^lO Out-0£-Limits 


K.OLPOUT FMME 2 

A-61 and A-62 

SUBSYSTEM: 3>2 Boost. A/B Prop, Mgmt. 


REMARKS 
T-12 A & B 


A/B Sya^ Active 

1/sec 

PPS-(l-3) Out-of-Limit 

A.E, 



































































































































































foldout frame 


TABLE A-1 (Cont.) 

OCMS- MEASUREMENT REQUHimF.WTS 


FOLDOUT fRAME ^ 


A-63 and A-64 


IDENTITY 

CODE 


QTY. RANGE & UNITS 


RESPONSE 

RATE 


TIME OF DATA ACTIVITY 


‘SUBSY STEM : 3^3 Boost A/B Prass, 


REMARKS 































^JJ3_0UT 


IDENTITY 

CODE 


QoT-1,4 


QoT-2,5 


TABLE A-1 (Cont.) 

OCMS MEASmiEMEHT HEQUIHEMESTS 


qTY. I RANGE & imiTS 


0-50 psia I ± 2 psi | 20 psi/sec 


MEAS. data 
TYPE USE 


TIME OF DATA ACTIVITY 




2 

1 0-100 psia 

1 ± 5 psi ■ 

1 20 psi/ sec 

D 

1 H 2 



Toi- 1,2 

2 

|0 -700“R 

+ 5°R 

20°/ sec 

1 ^ 

1 GO:,,HE* 



2 0-700''R 



2 |0-700“R \±5^K jaoVsec 


.001 sec 


2 C/U 


1X>2 Load, Start . 


FI Slow LOo Tank Fill 


C ! Lil2 Load Pressuri 2 ation 


Main Engine Burn 


Purge & Blanket Press, 


Load & Purge 


R . Load & Purge * 


PI Low Main Engine Thrust 


R LH 2 Load, Start 


FI Slow LH 2 Tank Fill 


R Load £c Purge 


FI I PoT-1, or 2 out of limit 


System Active 


Load & Purge 


FI PoL-1 or 3 out of limit 


M System in use 


FI P£T-1 out of limit 


R Load 


PfL-2 or 3 out of limit 


Load 6e Purge 




2 C/U 



10/ sec 


10/ sec 


10/ sec 


10/ sec 


A.R. 


10/ sec 


10 / sec 


A.R. 


ffOLDOUT Ff?AME 

A-6S and A" 65 

SUB SY STEM ; 4.2, QRB. MAIN PROF. MCMT^ 

remarks 


18,19.20 I *L02 Tank Ullage 



18,19.20 


18,19,20 


18,19,20 I *102 Tank Ullage 


18,19,20 


18,19,20 I ilHj Tank Ullage 



*After QoT-2,5 Uncover 


18,19,20 I *After QoT-1,4 Covered 



*Affcer QfT-2 Uncover 










































































































































































rDENTIIY 

CODE 


FOLDOUT FRAMg| 


■QTY. RAITGE & UNITS 


TABLE A-1 (Gont.) 

QC!MS MEASUREMENT REQUIREMENTS 


RESPONSE 

RATE 



time of data activity 


Main Engine Bnm 


Load 


Main Engine Bum 


Load 


Per POS. Status I,ist 


Low Main Eng» Thrust 


In-Flight Secure 


LO 2 Load & Purge 


PoT-1 or 2 out of limit 


lEn Load £c Purge 


PfT-1 out of Limit 


LH2 Load £e Purge 


LO 2 Load 6s Purge 


LHo Load 6e Purge 


LOIV-L or 2 no-go 


LOW- (1-4) no"go 


LOFV-1 no-go 


lFIV-1,2 no-go 


LFT7V-(l-4) no-go 


IiPFV-1 no-go 


LO 2 Load 


Load 6r Purge 


Boost 


Load 6( Purge 



Per POS. Status List 

A.R. " 

Low Main Eng, Thrust 

A.R, 

In-Flight Secure 

50/sec 


l=01.D0UT. PAMg 3 . 

A-67 and A-68 

(Continued) 

SUBSYSTEM: -t.a, OBB. MAIN PSOP. MGMC. 



13, 

.15, 

,17 

15, 

,16, 

,17 

15, 

,16, 

,17 

H- 

CO 

,19, 

,20 

18, 

.19, 

,20 

15, 

,15, 

,17 


18,19,20 


15,16,17 


15,16,17 


15,16,17 



































































































































































































■' OLDOUt FRAM3 ( 



TABLE A-1 (Gout.) 

OGMS MEASUREMEHT REQUIREMENTS 


foudout framed 

. A-69 and A-70 

(Continued) 

SUBSYSTEM: ^-^3 ORB» MAIN PROP. MGMT. 



























EQLXIOIJT 


frame/ 


TABLE A-1 (Coat.) 

OCMS MEASUKEMEST RBOmmMRHTS 


IDENTITY 

CODS 


QTY. KANGE & UNITS 


RESPONSE 

RATE 


TIME OF DATA ACTIVITY 


foldout frame ^ 

A-71 and A-72 

iSUBSYSTEM; Main Pressurization Subsyatf 


- REMARKS 






















































































IDEHTltY 

COQB 


LOIW-1,2 


LFTW-<5-6) 


LOIV-3 


VflLnnUT FRAM^t 

QTT. j RANGE & 


0-50 psia 


IJSBLE A-1 (Cont.) 

OCMS MEASUREMEHT KEOUIREMEHTS 


RESPONSE 

RATE 


MEAS. DATA 
TYPE USE 



QfI-(4-9) 

I® I 

c/u 

± .13" 

.001"/ sec 

1 ^ 

1 



PfL-1,4 

2 

[ 0-50 psia 

± 2 psi 

[20 psl/sec 


TIME OF DATA ACTIVITY 


Ferry, On-Orbit, Boost 


Off-Orbit Vent 


Load LO 2 


FI j Reg. or Filter Fall. 


M j Ferry, On-orbit, Boost 


Off-orbit Vent 


load & Purg 


2 


PI I Reg* or Filter Pall, 


Load & Purge 


(See PoT-3) 


(See Pfr-2,3) 


Load St Purge 


Load and Boost 


Load 5s Purge 


Load and Boost 


Load 5 e Purge 


Load,- Boost, Purge 


Load, Boost, Purge 


Ferry, On-Orbit, Boost 


FI Low O 2 Supply Press, 


E Ferry, On-orbit, Boost 


FI Low H 2 Supply Press . 


R Load 


FI L0TYV-L,2 Apparent Fall. 


FI 


n I LOIV-3 Apparent Pall. 


FI j LFIV-3,4 Apparent Fail, 


Load, Boost 


Load & Purge 


Load, Boost 


Load Purge 


Load, Boost 


Load & Purge 


Load, Boost 


Load 6e Purge 


10/ sec 


A.R, 


A.R. 


1/ sec 


10/aec 


A.R, 


A.R, 


10 / sec 


A.R, 


10/ sec 


A.R. 


A.R. 




FOLDOUT FRAME 

A-73 and A-74 

SUBSYSTEM: , 4 ,4 On-Orbit Propellant Subsyste ci 
• BIU 

i REMARKS 














































































































































































































EJIDOUT FRAMfI 


' TABIE A-1 (Cent.) 

MS MEASTOEMENr REQUIKEMEMTS 


8ANGE & UHITS 


RESKINSE 

RATE 


TIME OP DATA ACTIVITY 


FOLDOUt FRAME'^2' 

A-75 and A- 7 6 

I _ • 

j SU BSY S TEM : 4,4 On-Orbit Prop^ Mgmt. {Cont: ♦ 








FOLDOUT frame! 


TABIE A- 


OCMS MEASnSEMEK 


IDENTITY 

CODE 

QTY, 

RANGE & UNITS 

ALLOW, 

ERROR 

RESPONSE 

RATE 

MTG, 

FLUID 

MEDIA 

MEAS, 

TYPE 



*7 




* 










Pol-10 

1 

0-200 pflia 

± 10 pal 

500 psi/ sec 

D 

G02 

P-7B 









PfL-14 

1 

0-200 psia 

± 10 psi 

500 pel/see 

D 

mm 

P-7B 









VPPV-(1,2) 

2 

0/28 V 

± 20% 




EX-1 

TfL-5 

1 

0-700”R 

± 

20'E/se<! 

D 

GH2 

T-2 









IOFV-1,2 

2 

0/C 


O.S sec 

CE 

GO2 

IS-2A 

LFPV-1,2 

2 

0/C 


0,5 sec 

CE 

E!!IH 

PN-2A 

V0P7-1,Z 

2 

0/237 





BX-1 



















































































































































































'■ 













^■ 1 ! 











■1 (Gout.) 

T REQUIREMESTS 


FOLOOUr FRAME ( 5 Z> 

A-77 and A-78 

4fc,5 On»Orblt Prasaurizatlon 



S 








































































EOLDOUT FRAME -f 


TABLE A-1 (CotttO 
OCMS MEASUREMEHT REQUIREMENTS 


IDENTITY 

CODE 


TC-(5-13) 


Q-n. RANGE & UNITS 


9 


0*^50 pela ± 2 psl 


ALLOW* RESPONSE 

ERROR RATE 


TIME OP DATA ACTIVITY 


PC- (14-28) 


1 0-450 psia 

+ 2 psl 

1 50000 psi/secH 

1 ° 

1 Hot Gas 



RGS Engine On 


RGS Engine Start 



VBIV-(S-37) 

EB 

0/28 V 

± 20% 

VMBV-CS'f'S?) 


0/28 V 

t 20% 

VIOV-(5-37) 

33 

0/28 V 

± 20% 


VIFV-(5-37) 33 


VlI-(5-37) 33 


IIE-(5-37) 1 33 I Pulse 



RGS Engine On 

20/ sec 

RGS Engine Start 

a.r. 

RGS Engine On 

20/ sec 


Prior to RCS Start-up 


Load & P^rge 


Prior to RGS Start-up 


Load Sc Purge 


Prior to RCS Start-up 


Load & Purge 


RCS Full Thrust 


Load' A Purge 


RCS Full Thrust 


Load’ & Purge 


RCS Full Thrust 


Load St Purge 


RGS ©2 Ignition 


Load Sc Purge 


RCS O2 Ignition 


Load & Purge 


RCS O2 Ignition 


Load & Purge 


RCS H2 Ignition 


Load & Purge 


RCS H2 Ignition 


Load & Purge 


RCS H2 Ignition 


LBIV Apparent Failure 


LMBV Apparent Failure 


LIOV Apparent Failure 


LIFV Apparent Failure 


Load & Purge 


Ignition Failure 


Ignition Failure 



£OUDOUI FRAMfc. ^ 

A-79 and A-80 

SUBSYSTEM: -5.1 RCS Engine Subsystem 
DIU 

REMARKS 



Dlu Same asi P.C. 


Diu Same as P.C. 






























































































































































































HU.DOUT FRAME I 


IDEUTITY 

CODE 


PoX-4,5 


lABIj; A-1 (Cont.) 

OCMS MEASTOEMEMI REQUIREMEMTS 


LOFV-2 


LOFC-2 


LFFV-2 


LFFC-2 


PoL-8,9 


DTY l!ANrE ft ' HESPONSE _ PLtUD MEAS. 

QTE. RANGE & UNITS MTG. 


2 1 0-50 peta |± l.Opaljzo psl/eec [ D j GO2 | P-lB 




2 1 0“2000 psta ( ±10 psi 1 1000 psl/ sec D 6O2 I P-7A 


2 0-50 paia ±1*0 psl 



2 I 0-2000 psia | +10 psi 1 1000 psl/ sec [ D | GH2 


POL-4,5 

2 

0-2000 psia 

±10 psl 

PfL-5,6 

2 

0-2000 psia 

±10 psi 

PoL-6,7 

2 

0-600 psia 

± 4 psi 




D I GO2 


PfL-7, 8 

2 

0-600 psia 

± 4 psi ■ 

1000 psi/ sec 



2 0-750°R 


2 0-750 "R 


4 0/C 


0/C 


0/C 


0/C 


0/C 


2 0-50 psia 


TIME OF DATA ACTIVITY 


APU Blanket Pressure 


Load & Purge 


Low HE Pressure 


APU System Loaded 


Load A Purge 




APU Blanket Pressure 


Load £j Purge 


Low HE Pressure 


APU System Loaded 


Load & Purge 




E.CS or OMS Active 


Load & Purge 


Thruster Supply Low 


PCS or OMS Active 


Load ^ Purge 


Thruster Supply Low 



Load & Purge 

A.R. 

APU System Loaded 

1/ sed 

Load & Purge 

A.R. 

Prior to Thruster Firing ' 

E.O, 

Load & Purge 

A.R. 


Regulator Failure 


Prior to Thruster Firing 


Load 65 Purge 


Regulator Failure 


R [ 6H2 


GH2 


M APU Blanket Pressure 


R Load & Purge 


Low HE Pressure 



FOLDOUT FRAMEj^ 

SUBSYSTEM; 5«2, Propellant Management 
REMARKS 




For PfT-6 


Dlu*s as PoT-4,5 


Mu^s as PfT“4,5 


For PoL"7 


For PoL“6 


For PfL-8 


For PfL-7 


Diu^s as PoT-4,5 


Diu's as PfT-4»5 


For L0PV-(5-6) 


For L0?V-(3,4) 


For LFPV-(5,6) 


































































































































































































































IDENTITY 

CODE 


eoldoui erame 


QTY, BANG! & CHITS 


TABLE A-1 (CcMit.) 

OCMS. lEASDEEMEHT BEOTIIREMEHTS 


ALLOW. RESPONSE 

ERROR rate 





TIME OF DATA ACTIVITY 


APU Blanket Preaeure 


hULUDUl U\ 

A-S3 and A’-SA 

(Continued) 

SUBSYSTEM i 5 ,2 , Propellant ManagenieDt 
DID 

™ REMARKS 
















































HOLDOUT FRAME \ 


TABLE A-L (Cont.)' 

OCMS MltASlmEMEHT REQUIREMENTS 


IDENTITY 

CODE 


ALLOW. RESPONSE 

ERROR ■ RATE 


QTY, RANGE 6. UNITS 


PC-(38“40) 3 0-1000 paia I ±5 pal |50Kpsl/aec 




0-100 psig + 1 pal I 20 pal/aec 


PPD-(l-3) 

3 

0-'2000 psia 

PPD-(4-6) 

3 i 

0-2000 psia 

TC-(l-3) i 

3 

0-2500 “R 


NT- (1-3) 


LG0V-(1I-3I) 3 0/C 



1GFV-(1I-3I) 3 0/C 


LGOV-(l-3) 3 


LGEV-(l-3) 3 0/C 


Lie V- (38-40) I 3 jO/C 


IXFV-(38-40), I 3 1 0/C 


LLIV-(l-3) 3 p/C 


LEIV-(l-3) 3 p/C 


LPSV-(l-3) 3 p/C 



I?TL-(1-3) 3 p-1300’R 


QPTL-(l-3) 3 p-6 inches I ± .125” i 12 In/sec 


+ 500 I lOK RPM/ aec 


0.5 sec 


0.5 sec 

CE 

’ 

PN-2A 



TIME OF DATA ACTIVITY 


Shsystem Operation 


Subsystem Operation 


G.G. Startup 


GO 2 Accum Resupply 


M I GH^ Accum Resupply 


SuBsystem Operation 


G,G, Startup 


Subeystera Operation 


G.G. Startup 


Subsystem Operation 


G.G. Startup 


Subsystem Start-up 


Subsystem Operation 


Subsystem Readiness 


Load & Purge 


FI PC-(38-40> Out of Limit 


Load 6 e Purge 


FI PC-(38-40) Out of Limit 


C I Subeyetem Start & Shutdow 


R Load £t Purge 


FI PC-(38-40) Out of Limit 


R [ Load Sc Purge 


FI PC-(38-40) Out of Limit 


C Subsystem Start St Shutdow 


FI PG-(38-40) Out of Limit 


C Subsystem Start St Shutdow 


PI PC-(38“40) Out of Limit 


Purge & GO 2 Re supply &Load 


PPD-(l-3) Out of limit 


R Purge Sc GH 2 Resupply 


FI PPD-(4-6) Out of Limit 


R Purge 6c Resupply 6c Load 


GO 2 Resupply 


PI I PPD-(I-3) Out of Limit 


A.R, 


1/sec 


1/2 sec 


2/ sec 


1/ sec 


A.R. 


1/2 sec 


A.R. 


1/2 sec 


A,R. 


A.R. 


2/ sec 


2.O. 


A.R, 


A.R. 




PeLDOUT FRAME e2- 

• A-85 and A-86 

Propel.-'Conditiooing 



REMARKS 


Bach to Separate Diu 



9,10,11 

Each to Separate Dlu 

9,10,11 

Each to Separate Dlu 

9,10,11 

Each to Separate Dlu 


9,10,11 I Each to Separate Dlu 


9,10,11 I Each to Separate Dlu 


Each to Separate Diu 


9,10,11 I Each to Separate Dlu 



9,10,11 [ Each to Separate Diu 


9,10,11 I Each to Separate Diu 


9,10,11 I Each to Separate Diu 


9,10,11 I Each to Separate Diu 


9,10,11 I Each to Separate Diu 

































































































































































































































fOLDOUT F.RAME | 



L?SV-(4-6) 


VG0V-(1I-3I) 


VGFV- (11-31) 


VGOV-Cl-3) 


VII-(38-40) 


IIE-(38-40) 


iBtSSiiBStiffiiUi 


VIFV-(38-40) 


VLlV“(l--3) 


wrv-<i-*3) 


VPSV‘-<l-3) 


VPSV-(4“6) 




AT-CL-3) 


AP-Cl-3) 


AP-C4-6) 


TPS- (1-3) 


TPB-(4-6) 


TPTB-a-3) 


NS-(l-3) 


AC-Cl-3) 


AC-(4-6) 


AC- (7-9) 


THE- (1-3) 


THE-(4-6) 


NP-C4-6) 


QTY* RANGE & UNITS 


3 




3 

O-IOOK RPM 

3 

0-5g 

3 

0“5g 

3 

0-5g 

3 

400-750'*R 

3 

400-750 °R 

3 

O-IOOK REM 

3 

0-1500 psia 

3 

0-1500 psla 


lOK RPM/s«c 


0-5000 Hz 


0-5000 Hz 


0-5000 He 


20 deg/sec 


20 deg/sec 


20 deg/ sec 


lOK RPM/sec 






VGF7“(l-3) 


VlEO-(l-3) 


PCV-Cl-3) 


3 

0/28. TOC 

3 

TBD 

3 

0-1500 




+10psia I 1500 psi/sBC | U | G02 


1500 psi/sec D GH2 


TABLE A-1 (Coat.) 
MEASUREMENT BEQTTIREMENTS 


I I TBIE OP DATA ACTIVITY 


Purge & Load 


GH2 Resupply 


PPD-(4-6) Out of Limit 


PI [ LG0V-(1I-3I) No-go 


PI I LGFV-( 11-31) no-go 


FI I LG0V-(l-3) no-go 


Load & Purge 


G.G. Start 


LlOV-(38-40) no-go 


LIFV- (38-40) no-go 


LLlV-(l-3) no~go 


LFIV-(l-3) no-go 


LPSV-(l-3) no-go 


LPSV-(l-A) no-go 


PPD-(l-3) Out of Limit 


Subaystem Operation 


GO2 Resupply 


GH« Resupply 


GO2 Resupply 


GH2 Resupply 


Subsystem Operation 


APU Operation 


GO2 Resupply 


GH2 Resupply 


APU Operation 


G0£ Resupply 


GH2 Resupply 
PPD-(4-6) Out of Limit 


GO2 Resupply 


GH2 Resupply 


JI I LOT- (1-3) Ho-Go 


FI G.G. Ignition Failure 


FI PoT-7 Out-Of -Limit 


G02 Resupply 


PfT-7 Out-Of -Limit 


GH2 Resupply 


a.r. 


a.r. 


TBD 


TBD 


XBD 


1/2 sec 


1/2 sec 


1/2 sec 


1/2 sec 


IBD 


TBD 


TBD 


1/2 Bee 


1/2 Bee 


A.R. 


L/2 sec 


1/2 sec 




KOLOOUT -frames 4:. 

A-87 and A-38 
(Continued) 

Conditioning 

REMARKS 


9,10,11 I Each to Separate Liu' 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11. 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9.10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


9,10,11 


Each to Separate Dlu 


Each to Separate Dlu 


Each to Separate Dlu 


Each to Separate Diu 


Each to Separate Diu 


Each to Separate Diu 


Each to Separate Diu 


Each to Separate Diu 


Each to Separate Diu 



Each to Separate Diu 


Each to Separate' Diu 


Each to Separate Diu 


9,10,11 

Each to Separate Diu 

9,10,-11 


9,10,11 




Each to Separate Diu 


Each to Separate Diu 


Each to Separate Dlu 


Each to Separate Dlu 


Each to Separate Dlu 


Each to Separate Dlu 


Each to Separate Dlu 


Bach to Separate Dlu 


















































































































































































































































































































FOLDdUT FRAME I 


miiS A. 


OCMS MEASUREMEU 


IDENTITY 

CODE 

QTY, 

RANGE & UNITS 

ALLOW. 

EBSOK 

RESPONSE 

RATE 

MTG. 

ELUID 

MEDIA 

MEAS. 

TYPE 



1 (ConC.) 


fiLDOUT FRAS4Q Z. 

A-89 and A-90 


SUBSYSTEM.- 5.4, QMS Engine 


DATA 

USE 

TIME OP DATA ACTIVITY 

SAMPLE 

RATE 


DATA 

RATE 


DID 

NO. 

1 REMARKS 

c 

QMS Engine Start 

a:r. 




7, 8 


M 

CMS Engine On 

20/ sec 






R 

Load & Pruges, Prior to 

A.R. 




7, 8 



RCS start up 







R 


a,r. 




7,8 


R 






7, 8 


19 

CMS Ignition,- Load & Purge 

A.R. 




7, 8 



Apparent Valve Failure 

A.R. 




7, 8 


FI 

Apparent Valve Failure 

A.R. 




7, 8 


FI 

Apparent Valve Failure, 

A.R, 




7, 8 


FI 

Apparent Valve Failure 

A.R. 




7, a 


PI 

Ignition Failure 

a,r. 




7, 8 



Load & Purge 


R 


A.R. 



























































































;p£}!^.OUT FRAME, j table A-1 (cont.) 

OCMS MEASUREMEBT BEQDIRKMRNIS 


FOLDOUT FRAME 2- 

A-91 and A-92 


SUBSY S TEM : 6.2, A/B Prop. Manageni e n, t 


lEEKTITY 

CODE 

QTT. 

RANGE & UNITS 

ALIOW. 

ERROK 

RESPONSE 

RATE 

MTG. 

Et-UID 

MEDIA 

MEAS. 

TYPE 

DATA 

USE 

TIME OF DATA ACTIVITY 

SAMPLE 

rate 


BATA 

RATE 


DID 

NO, 

REMARKS 

PH)--(7-9) 

3 

O-lOO peia 

+ 2 pel 

20 psi/sec 

D 

LH, 

P-2 

M 

A/B System Active 

5/ sec 




12,13,14 










R 

Engine Start 

a.r. 














FI 

Low LH 2 Supply Pres. 

A.R.- 






PC-C41-43) 

3 

0-1000 psla 

± 5 pbI 

5000 psi/ sec 

D 

Hot Gas 

P-5 

C 

Gas Gsn. Start-up 

A.r. 




12,13,14 










M 

A/B System Active 

lO/sec 














FI 

Low LH^ Supply Pres. 

A.R. ■ 






PfL-(ll-13) 

3 

0-60 psia 

± 2 pel 

20 psi/ sec 

D 

LHj 

P-1 

C 

A/b Eng, Start OK 

A.R. 




12,13,14 










R 

Load 6t Purge 

A.r. 














M 

A/B System Active 

5/ sec 





Also Input tc Eng. Contro 





- 




FI 

A/B Engine Failure 

A.R. 






PIPL-(l-3) 

3 

0-100 psig 

± 1 psi 

20 psi/sec 

D 

Lube 

P-2A 

M 

G.G, Running 

1/2 sec 




12,13,14 










R 

Engine Start 

A.R. 














FI 

G.G, Failure 

A.R. 






TC-(4-6) 

3 

0-25 00”R 

± 20' 

200'/ sec 

D 

Hot Gas 

T-7 

M 

G.G. Running 

1/ sec 




12,13,14 










FI 

G.G. Failure 

A.r. 






TfL-(6-a) 

3 

0-10D“R 

± 5* 

10 '/sec 

D 

LH^ 

T-1 

C 

a/b Eng, Start OK 

a.r. 




12,13,14 










R 

A/B Eng. Start 

A.R. 





Also Input to Eng . Contro L 









M 

A/B System Active 

5/ see 














FI 

A/B Eng. Failure 

A.R. 






TTPL-(l-3) 

3 

0-1300 °R 

+'10' 

20 "/sec 

D 

Lube 

X-5 

M 

G.G. Running 

1/2 sec 




12,13,14 










R 

Engine Start 

A.R. 














FI 

G.G. Failure 







QTPL-(l-3), 

3 

0-6 inclies 

± 1/8" 

- 

T> 

lube 

1-2 

M 

G.G. Running 

1/2 sec 



. - 

12,13,14 










R 

Engine Start 

a.r. 














FI 

G.G. Failure 

A.r. 






NT- (4-6) 

3 

0"100, OOOrpm 

± 500 

1000/ sec 

CE 

- 

SP-1 

H 

G.G. Running 

5/ sec 




12,13,14 










R 

Engine Start 

A.r, 














FI 

G,G, or Turbine Failure 

A.R. 






LGPV- (41-61) 

3 

o/c 

- 

0,5 sec 

CE 

- 

PN-2A 

R 

a/b System Start-up & Loac 

A.r. 




12,13,14 


LGFV-(4-6) 

3 

0/C 

-■ 

0.5 sec 

CE 


FN-2A 

R 

A/B System Start-up & Loa< 

a.r. 




12,13,14 


LGOV- (41-61) 

3 

o/c 

- 

0.5 sec 

CE 

- 

PN-2A 

R 

A/B System Start-up & Loac 

A.R, 




12,13,14 


LGOV-(4-6) 

3 

o/c 

- 

0,5 sec 

CE 

- 

PN-2A 

R 

a/b System Start-up & Loac 

A.r. 




12,13,14 


LFIV-(4-6) 

3 

o/c 

- 

0.2 sec 

CE 

- 

PN-4 

R 

A/B System Start-up 6e Loac 

A.R. 




12,13,14 


LPSV-(7-9) 

3 

o/c 

- 

0,2 sec 

CE 

- 

PN-4 

R 

A/E System Start-up & Loac 

A.R, 




12,13.14 


LEFV-(1-X2) 

12 

o/c 

- 

0.2 sec 

CE 

- 

PN-4 

R 

A/B System Start-up & Loac 

A.r. 




12,13,14 


VGFV-(4I-6I) 

3 

0/28 V 

± 20% 

- 

- 

- 

EX-1 

FI 

Apparent Valve Failure 

A.R, 



1 

12,13,14 


VGFV-(4-6) 

3 

0/28 V 

± 20% 

*• 

- 

- 

ES-1 

FI 

Apparent Valve Failure 

A.r. 



1 

12,13,14 




EQLDOUT FRAME J 



IDENIITY 

CODE 

QTY, 

RANGE i UNITS 

VG0V-(4I“6I) 

3 

0/28 V 

VGOV-(4-6), 

3 

0/28 V 

VFIV-(4-6) 

3 

0/28 V 

VPSV-(7-9) 

3 

0/28 V 

VEFV-(1?*12) 

12 

0/28 V 

VII-{41-43) 

3 

0/28 V 

VIEO-(4-6) 

3 

TBD 

IIE-(41-43) 

3 

TBD 




AT- (4-6) 

3 

0.5 g 

AP-(7-9) 

3 



miE A-l (Cmit.)- 
OCMa MEASUmEtfT KEQUIKEMENIS 


RESKWSE 

RATE 


±0.5 g 0-5000 HZ 


± 0,5 g 0-5000 HZ 


I TIME OF DATA ACTIVITY 


Apparent Valrre Failure 


Apparent Valve Failure 


Apparent Valve Failure 


Apparent Valve Failure 


Apparent Valve Failure 


G.G. Start-up 


SUBSYSTEM,-; 

DIU 


(Continued) 

;6.2, A/B Prop. Manag ement 


BEMAEXS 


G.G, Start-up 

a.r. 

Engine Start. 

a.r. 

Igniter Failure 

A,E. 

Turbine Running 

TBD 

Pump Running 

TBD 


12,13,1A 


12,13,14 


12.13,14 


12,13,14 


12,13,14 


12,13.14 


12,13,14 


12,13,14 
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TABLE A-2 

MEASUREMENT IDENTITY CODES 

This table describes the measurement identity codes of Table A-1. 
The codes are listed by types in the following sections: 

A, Main Engine 

B, Airbreathing Engine 

C, Orbiter (less engines) 

D, Booster (less engines) 


A. MAIN ENGINE 


IDENTITY CODE 


P.LPTPA 
f s > 

P^LPTPAT^ 

P.LPTPA, 
f d 

P FP3 
c 

P LPTPA 
o s 

P LPTPA, 

0 d 

P OPB 
c 

P^ iiPOTPA 
he 

P KPTPATB 
o 


P MCC 
c 

P -FL() 
vac 


P P3FM 
0 o 


P MCCFM 
o o 


P.FPB . 
f 1 

P.OPB. 
f X 

AP^FPBI/C 

AP„OPBI/C 

r 

APCI/G 


PARAMETER DESCRIPTION 

Pressure, Fuel; LPFTPA Suction 

Pressure, Fuel; LPFTPA Turbine Inlet 

Pressure, Fuel; LPFTPA Discharge 

Chamber Pressure, TPB 

Pressure, Oxidizer; LPOTPA Suction 

Pressure, Oxidizer; LPOTPA Discharge 

Chamber Pressure, OPB 

Pressure, iielium;“IIPOTPA Seal Cavity 

Pressure, Oxidizer; IIPOTPA Thrust Balancer 

Chamber Pressure; Main Combustion Chamber 

Vacuum Pressure, Fuel Line No. ( ) 

Pressure, Oxidizer; Preburners Flo^^rmeter Outlet 

Pressure, Oxidizer, Main Combustion Chamber 
Flowmeter Outlet 

Pressure, Fuel; Fuel Preburner Inlet 

Pressure, Fuel; Oxidizer Preburner Inlet 

Differential Pressure, Fuel; Fuel Preburner 
Inlet to Combustion Chamber • 

Differential Pressure, Fuel; Oxidizer Pre- 
burner Inlet to Combustion Chamber 

Differential Pressure; Nozzle Coolant Inlet to 
Hot Gas Manifold 



TABLE A-2 (cont) 


MEASUREMEMT IDENTITY CODES 


A. MAIN ENGINE 

IDENTITY CODE 

P HEO 
o 

P^NCO 


(cont) 

PARAMETER DESCRIPTION 

Pressure, Oxidizer; Heat Exchanger Outlet 
(Autogenous System) 

Pressure, Fuel; Nozzle Coolant Outlet (Autogenous 
System) 


P, FTPCV. 
he X 


P, OTPCV . 
he X 

P, PBSV 
he ^ o 

PPS 
p- s 

n 

P, A 
h 

A-PGAP_. 

APGAY 

APHF 

P KPTPA(S2) , 
.0 ... a 

P^HPTPA(Sl)^ 

T FPB 
c 

T OPB ' 
c 

T PBFj:-! 
o o 

T.LPTPA 
f s 

T^FPvL 

T MCCFM 
o o 

T,FPB. 


Pressure, Helium; Main TCA Fuel Purge Check 
Valve Inlet 

Pressure, Helium; Main TCA Oxidizer Purge Check 
Valve Inlet 

Pressure, Heliiun; Preburners Purge Solenoid Valve 
Outlet 

Pressure, Purge System 

Pressure, Hydraulic System 

Pressure, Hydraulic Accumulator 

Differential Pressure; Gimbal Actuator, Pitch 

Differential Pressure; Gimbal Actuator, Yaw 

Differential Pressure; Hydraulic System Filter 

Pressure, Oxidizer; HPOTPA Stage 2 Discharge 

Pressure, Oxidizer; HPOTPA Stage 1 Discharge 

Temperature, Fuel- Preburner Combustion Chamber 

Temperature, Oxidizer Preburner Combustion Chamber 

Temperature, Oxidizer; Preburners Flowmeter Output 

Temperature,- Fuel; LPFTPA Suction 

Temperature, Fuel Recirculation Line 

Temperature, Oxidizer; Main Combustion Chamber 
Flc-^^meter Outlet 

Temnerature. Fuel; Fuel Preburner Inlet 
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TABLE A-2 (cont) 

MEASUREMEM IDENTITY CODES 

A. MATH ENGINE (cont) 

IDENTITY CODE PARAMETER DESCRIPTION ; 

T^OPB^ Temperature, Fuel; Oxidizer Preburner' Inlet 

T LPTPA Temperature, Oxidizer; LPOTPA Suction 

0 s 


LFMV 

Position, 

LOMV 

Position, 

LOPBFCV 

Position, 

LOPBOCV 

Position, 

LFPBOCV 

Position, 

LORSV 

Position, 

LFRSV 

Position, 

LFRCV 

Position, 

LGAP 

Position, 

LGAY 

Position, 

LEN 

Position, 

LIOVOPB 

Position, 

LIOVFPB 

Position, 

LIOVMCC 

Position, 

Chamber 

LPOPSV 

Position, 

LMOPSV 

Position, 

LtlFPSV 

Position, 

LHSCPSV 

Position, 

LESPSV 

Position, 

LPSV 

Position, 

LENSV 

Position, 


Fuel Main Valve 

Oxidizer Main Valve 

OPB Fuel Control Valve 

OPB Oxidizer Control Valve 

FPB Oxidizer Control Valve 

Oxidizer Recirculation Select Valve 

Fuel Recirculation Select Valve 

Fuel Recirculation Control Valve 

Gimbal Actuator, Pitch 

Gimbal Actuator, Yaw 

Extendible Nozzle 

Igniter Oxidizer Valve, OPB 

Igniter Oxidizer Valve, FPB 

Igniter Oxidizer Valve, Main Combustion 

Preburner Oxidizer Purge Solenoid Valve 
Main TCA Oxidizer Purge Solenoid Valve 
Main TCA Fuel Purge Solenoid Valve 
HPOTPA Seal Cavity Purge Solenoid Valve 
Engine System Purge Solenoid Valve 
Purge Select Solenoid Valve (GR^/GIie) 
Extendible Nozzle Coolant Valve 
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TABLE A-2 (cont) 
MEASUREMENT IDENTITY CODES 


A. MAIN ENGINE (cont) 


IDENTITY CODE PARAMETER DESCRIPTION 


LEN. 

A 

LEN^ 

LENL^ 

LENLg 

LENL^ 

LNLP 

LNLY 


Position, Extendible Nozzle, Track A 
Position, Extendible Nozzle, Track B 
Position, Extendible Nozzle, Track C 
Position, Extendible Nozzle Lock, Track A 
Position, Extendible Nozzle Lock, Track 3 
Position, Extendible Nozzle Lock, Track C 
Position, Gimbal Actuator Null Lock, Pitch 
Position, "Gimbal Actuator Null Lock, Yaw 


IIMCC 

IIOPB 

IIFPB 

iqLPFTPA 

NUPFTPA 

NLPOTPA 

KHPOTPA 

ALPFTPA 

AHPFTPA 

ALP OTP A 

AIIPOTPA 

FMOPB 

FMOMCC 

DIOPB 

DIFPB 

DIMCC 

QuKSR 


Current, M,C,C. Igniter 
Current, OPB Igniter 
Current, FPB Igniter 
RPM, LPFTPA 
RPM, ilPFTPA 
RPM, LPOTPA 
RPM, HPOTPA 

Vibration (Acoustic Emission) , LPFTPA 

Vibration ' (Acoustic Emission), KPFTPA 

Vibration (Acoustic Emission) , LPOTPA 

Vibration (Acoustic Emission), HPOTPA 

Oxidizer Flotmieter, Preburners 

Oxidizer Flowmeter, Main Combustion Chamber 

Ignition Detector, OPB 

Ignition Detector, FPB 

Ignition Detector, MCC 

Level, Hydraulic Supply Reservoir 
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TABLE A-2 (cont) 
^EEASUREMEHT' IDENTITY CODES 


A. MAIN ENGINE (cont) 

IDENTITY CODE PARAMETER DESCRIPTION 


’'PMFPKhe 

PMOPbhe 

1’ KW 
£ o 

T OMV 
o o 

TEKCVd 


Flow, Fuel Preburner Oxidizer Purge 
Flow, Oxidizer Preburner Oxidizer Purge 
Temperature, Fuel Main Valve Outlet 
Temperature, Oxidizer Main Valve Outlet 
Temperature, Nozzle Coolant Valve Discharge 


tLIOVOPB 

tLIOVFPB 

tLIOVMCC 

tLPOPSV 

tLMOPSV 

tLMFPSV 

tLENCV 


Time, Igniter Oxidizer Valve, Oxidizer Preburner 

Time, Igniter Oxidizer Valve, Fuel Preburner 

Time, Igniter Oxidizer Valve, Main Combustion 
Chamber 

Time, Preburner Oxidizer Purge Solenoid Valve 
Time, Main TCA Oxidizer Purge Solenoid Valve 
Time, Main TCA Fuel Purge Solenoid Valve 
Time, Extendible Nozzle Coolant Valve 


B, AIRBllEATdlNG 

EHGINVi 


PfCCI 

Pressure, 

Fuel Combustion. Chamber Inlet 

PLPD 

Pressure, 

LuDe Pump Discharge 

PSPD 

Pressure, 

Scavenger Pump Discharge 

PG 

Pressure , 

Gearbox 

PFI 

Pressure, 

Fan Inlet Air 

PIIPT 

Pressure, 

iTigh Pressure Turbine 

FED 

Pressure, 

Exhaust Duct 

PDVDVP 

Pressure, Differential, Variable Displacement 
Vane Pump 



TABLE A-2 (cont) 
MEASUREMENT IDENTITY CODES 

B. AIRBREATHIMG ENGINE (cont) 

IDENTITY CODE PARAl'lETER DESCRIPTION 

PZGL Pressure, Zero-G Lube 


TfCC.I 

T3PD 

TIA 

•THPT ' 

TED 

TLPTD 

TCI 

TT3 

TFH 


Temperature, Fuel Combustion Chamber Inlet, 
Temperature, Scavenger Pump Discharge 
Temperature, Inlet Air 
Temperature, High-Pressure Turbine < 
Temperature, E-xhaust Duct 

Temperature, -Low Pressure Turbine Discharge 
Temperature, Core Inlet 
Temperature, 'liirbine Blade 
Temperature, Fuel Heater 



Flow, Fuel 
Quantity, Lube Oil 


NHPT 


NF 

KVDVP 


RPM, High Pressure Turbine' 

RFM, Fan 

RPM, Variable Displacement Vane .Pump 


AFFB 

AFCB 

ALPRB 


Vibration, Front Fan Bearing 
Vibration, Front -Core Bearing 
Vibration, Low Pressure Rear Bearing 


LCPRV 

LFIVA/B 

LSDV 


Position, CooldoTm & Pressure Relief Valve 
Position, Fuel Inlet Valve 
Position, Shutoff and Dump Valve 



TABLE A-2 (cont) 


MEASUREMENT IDENTITY CODES 


B. AIRBREATHING ENGINE (cont) 


IDENTITY CODE 

VFIVA/B 

VSDV 

VC 

VII A/ B 

VIEO 

VFll 

VCPRV 

III 

IFH 

FLB 

ACEC 


PARAMETER DESCRIPTION 

Excitation, Fuel Inlet Valve 
Excitation, Shutoff and Dump’ Valve 
Excitation, Cartridge (Solid Start) 

Voltage, Igniter Input 
Voltage, Igniter Exciter Output 
Voltage, Fuel Heater 

Excitation, CooldoOT*. & Pressure Relief Valve 

Current, Igniter Input 

Current, Fuel Heater 

Detector, Burner Flame 

Acoustic Monitor, Engine Compartment 


C. ORBITER 

LOIV-1,2 

LOW- (1-4) 

LOFV-1 

LFIV-1,2 

LFTVV-(l-4) 

LFFV-1 

LOPCV-1,2 


(less engines) 

Position, 

Position, 

Position, 

Position, 

Position, 

Position, 

Position, 

V-19,20. 


Oxidizer Isolation Valves; V-1,2 
Oxidizer Vent '^alveo; V-(3-6) 

Oxidizer Fill Valves; V-7 
Fuel Isolation Valves; V-S,9 
Fuel Tank Vent Valves; V-(iO— 13) 

Fuel Fill Valve; V-14 

Oxidizer Pressurization Control Valves 


LFPCV-1,2 Position, Fuel Pressurization Control Valves; 

V-21,22 

Position, Oxidizer Isolation Valve; V-23 


LOIV-3 
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TABLE A-2 (cont) 

IffiASUREMENT IDENTITY CODES 

C. ORBITER (less engines) 

IDENTITY- CODE FARAllBTER DESCRIPTION 

LOTVV-1,2 Position, Oxidizer Tank Vent Valves; V-24,25 

LFIV“3,4 Position, Fuel Isolation Valves; V-26,27 

LFTVV>-(5~8) Position, Fuel Tank Vent Valves; V-( 28-31) 

LOPV-1,2 Position, Oxidizer Pressurization Valves; V-32,33 

LFPV-1,2 Position, Fuel Pressurization Valves; V-34,35 

LOFC-1 Position, Oxidizer Fill Coupling; C-i 

LHC-1,2 Position, Helium Coupling-Oxidizer; C-2 

LFTVC-1 Position, Fuel Tank Vent Coupling; C-3 

LIIC-3,4 Position, Helium Coupling-Fuel; C-4 

LCT’C-1 Position, Fuel Fill Coupling; G-5 

LHC-5, b Position, Helium Coupling-Oxidizer; C-6 

LHC-7,8 Position, Helium Coupling -Fuel; C-8 

LFVC-1 Position, Fuel Vent Coupling; C-11 

LBIV-(l-37) Position, Bi-propellant Isolation Valve; Thrust 

Chamber- Cl-37) 

LMBV-(l-37) Position, Main Bi-propellant Isolation Valve; 

Thrust Chamber- (1-37) 

LI0V-(1-37) Position, Igniter Oxidizer Valve; Thrust Chamber- 

(1-37) 

LIFV-(1-37) Position, Igniter Fuel Valve; Thrust Chamber 

(1-37) 

LOPV-C3-6) Position, Oxidizer Pressurization Valves; V- 

(36-39) 

LFPV-(3-6) Position, Fuel Pressurization Valves; V-(40-43) 

LGOV- (11-31) Position, G02 Isolation Valves; GOV- (1-3) 

LGFV-(1I-3I) Position, GK2 Isolation Valves; GFV-(l-3) 

LG0V-(l-3) Position, G02 Propellant Valves; G0V-(l-3) 
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TABLE A-2 (cont) 
IQLASURE^NT IDENTITY CODES 


C, ORlilTER (less engines) 

IDENTITY CODE PARAl-lETER DESCRIPTION 


LGFV-(l-3) - 

LIOV-33,39,40 

LIFV-38,39,40 

LLIV-1,2,^ 

LPSV-1,2,3 , 

LFIV-1,2,3 

LPSV-4,5,6 

LG0V-<4I-6I) 

LGEV-(4I-6I) 

LGOy-(4-b) 

LGEV-(4-6) 

LFTV-4,5,6 

LPSV-7,d,9 

LEFV-(l-i2) 

LOFV-2 

LOFC-2 

LFFV-2 

LFFC-2 


Position, GH2 Propellant Valves; GFV-(l-3) 
Position, Igniter Oxidizer Valves; G-(l-3) 
Position, Igniter Fuel Valves; G~(l-*3) 
Position, L02 Isolation Valves; V— 52,53,54 
Position, Pump Suction Valves; V-52,53,54 
Position, Fuel Isolation Valves; V-55,56,57 
Position, Pump Suction Valves; V-55, 56,57 
Position, G02 Isolation Valves; GOV- (4-6) 
Position, GH2 Isolation Valves; GFV-(4-6) 
Position, G02 Propellant Valves; GOV- (4-6) 
Position, Gh2 Propellant Valves; GFV-(4-6) 
Position, Fuel Isolation Valves; V-5b,60,62 
Position, Pump Suction Valves; V-59,60,61 
Position, Engine Feed Valves; EFV-(1-12) 
Position, Oxidizer Fill Valve; V-44 
Position, Oxidizer Fill Coupling; C-9 
Position, Fuel Fill Valve; V-70 
Position, Fuel Fill Coupling; C-10 


PfT-1 

Pressure 

PfT-2 

Pressure 

PfT-3 

Pressure 

PoT-1 

Pressure 

PoT-2 

Pressure 

PoT-3 

Pressure 


Fuel tank; T-3 Ullage 
Fuel tank; T-5 Ullage 
Fuel Tank; T-6 Ullage 
Oxidizer Tank; T-1 Ullage 
Oxidizer Tank; T-2 Ullage 
Oxidizer Tank; T-4 Ullage 
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MEASUREtlENT IDENTITY CODES 
C, ORBITER (less engines) (cont) 


IDENTITY CODE PARAMETER DESCRIPTION 

PoE-1 

Pressure, 

Oxidizer Fill Line “ ' 

PoS-li2 

Pressure, 

Oxidizer Suction- Line, L-3,4 

PoL-(l-3)’ 

Pressure, 

Oxidizer Distribution Lines; L-17,1 

PfS-1,2 

Pressure, 

Fuel Suction Lines; L-8,9 

PfF-1 

Pressure, 

Fuel Fill Line ' - 

P'£L-(1-4) • 

Pressure, 

Fuel Distribution Lines'; L-20,21 

PgF-1 ■ 

Pressure, 

GH2 Autogenous Line; L-14 

PgF-2 ■ 

Pressure, 

GH2‘ Autogenous Line;' Near V-21 

PgF-3 

Pressure, 

GH2 Autogenous Line; L-16 

PgO-1 

Pressure, 

Oxidizer Autogenous Line; L-13 

PgO-2 

Pressure, 

Oxidizer Autogenous Line; Near V-19 

Pg0^3- 

Pressure, 

Oxidizer Autogenous Line; Near 0-3, 

PgRL-1 • 

Pressure, 

Helium Recirculation-Oxidizer Line; 

V 

L-7 


PoTr4,5 , - 

Pressure, 

G02 Accumulators; T-8,9 (Blanket) 

PoT-6,7 

Pressure, 

G02 Accumulators; T-8,9 . 

PfT-4,5 

Pressure, 

GH2 Accumulators; T-10,11 (Blanket) 

P£T-6>7 

Pressure, 

Gli2 Accumulators; T-10,11 

PoL-4, 5 

Pressure, 

Regulator Inlet; F-6,7 

PfL-5,6 . 

Pressure, 

P^egulator Inlet; F-8,9 

PoL-6,7 . 

Pressure, 

Oxidizer Feedline 

PfL-7,8 

Pressure, 

GH2 Feed line 

PoL-8,9 

Pressure, 

Oxidizer Feedline 

P£L-9,10 

Pressure, 

GII2 Feedline 

PoL-lO 

Pressure, 

-Regulator Inlet; F-4 

PC-C5-37) 

Pressure, 

Chamber; Thrust Chamber- (5-37) 
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TABLE A-2 (cont) 

mf.asttrememt identity codes 


C, ORBITER (less engines) (cont) 


IDENTITY CODE 

PC- (1-4) 

PC-(38-40) 

PPTL-(1-3) 

PPD-(1-6) 

PHE0-(1-6) 

PCV-(1-6) 

PfL-11 

PPD-(7-9) 

PC- (41-43) 
PfL- (11-13) 
PTPL-(l-3) 

Tfl-l 

TfT-2 

TfT-3 

ToT-1 

ToT-2 

ToT-3 

ToS-1,2 

TfS-1,2 

TgF-1,2 

TgO-1,2 

TfL-(l-5) 

ToL-(1-4) 

ToT-4,5 


PARAltETER DESCRIPTION 


Pressure, 

Pressure, 

Pressure, 

Pressure, 

Pressure, 

Pressure, 

Pressure, 

Pressure, 

Pressure, 

Pressure, 

Pressure, 


Chamber; Thrust Chamber- (1-4) 
Chamber; G-(l-3) 

Power Train Lube; PT-(l-3) 

Pump Discharge; P-(l-6) 

Heat Exchanger Output; Ii-(4-9) 
Check Valves; V-( 46-51) 
Regulator Inlet; F-5 
Pump Discharge; P-(7-9) 
Chamber; G-(4-6) 

Fuel Line; Pan Inlets 
Turbopump Lube; P-(7~9) 


Temperature, 
Temperature, 
Temperature, 
Temperature, 
Temperature, 
Temperature, 
Temperature, 
Temperature, 
Temperature, 
Temperature, 
Temperature , 
Temperature, 
Temperature, 


Fuel Tank; T-3 Ullage 
Fuel Tank; T-5 Ullage 
Fuel Tank; T-6 Ullage 
Oxidizer Tank; T-1 Ullage 
Oxidizer Tank.; T-2 Ullage 
Oxidizer Tank; T-4 Ullage 
Oxidizer Suction Lines; L-3,4 
Fuel Suction Lines; L-8,9 
Fuel Autogenous Lines; L-14^ 

Oxidizer Autogenous Lines; L-13 
Fuel Distribution Lilies; L-20,21 
Oxidizer Distribution Lines, L-17,18 
G02 Accumulators; T-3, 9 
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TABLE A-2 (cont) 
1•IEASURE^!ENT IDEKTITY CODES 


C. ORBITEPx (less engines) (cont) 


IDENTITY CODE 

TfT-4»5 

TC-(l-3) 

TPTL“(l-3) 

TilE-(l-6) 

TPD-(l-6) 

TPTB-(l-3) 

TC-(4-&) 

TfL-(6-8) 

Tr?L-(l-3) 


PAKA2IETSR DESCRIPTIOr'l 


Temperature, GH2, Accumulator; T-10,11 
Temperature, Chamber; G-(l-3) 

Temperature, Pox'ifer Train Lube; PT-(l-3) 
Temperature, Heat Exchanger; K-(4-9) 
Temperature, Pump Bearings; P-(l-6) 
Temperature, Po^-7er Train Bearings; PT-(l-3) 
Temperature, Chamber; G-(4-6) 

Temperature, Fuel Line; Fan Inlet 
Temperature, Tlirbopump Lube; U-(4-6)', P-(7-9) 


QfT-(l-3) 

QfT-(4-6) 

Of T- (7-9) 

QoT-(l-3) 

OoT-(4-6) 

QoT-(7-9) 

QPTL-(l-3) 

QTPL-(l-3) 


Quantity, 

Quantity, 

Quantity, 

Quantity, 

Quantity, 

Quantity, 

Quantity, 

Quantity, 


Fuel Tank; T-3 (Bottom, Hiddle, Top) 

Fuel Tank; T-5 (Bottom, Middle Top) 

Fuel Tank; T-6 (Bottom, Middle, Top) 
Oxidizer Tank; T-1 (Bottom, Middle, Top) 
Oxidizer Tank; T-2 (Bottom, Middle, Top) 
Oxidizer Tank; T-4 (Bottom, Middle, Top) 
Foxier Train Lube; PT-(l-3) 

Turbopump Lube; P-(7-9) 


iir-(l-3) 

PJ’M, 

NP-(I-6) 

RPM, 

NS -(1-3) 

RPM,. 

1IT-(4-6) 

RPM, 


Turbines; U-(l-3) 
Pumps; P-(l-6) 

APU Shaft; PT-(l-3) 
Turbines; U-(4“6) 
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C. QRBITER (less engines) (cont) 

IDEI^ITITY CODE PARAMETER DESCRIPTION 

VOIV-1,2 Excitation, Oxidizer Isolation Valves; V-1,2 

yOYV-(l-4) Excitation, Oxidizer Vent Valves; V-(3-6) 

VOFV-1 Excitation, Oxidizer Fill Valve; V-7 

VFIV-1,2 Excitation, Fuel Isolation Valves; V-8,9 

VFTVV-(1-4) Excitation, Fuel Tank Vent Valves; V-(10-13) 

VFFV-1 Excitation, Fuel Fill Valve; V-14 

VOPCV-1,2 Excitation, Oxidizer Pressurization Control 

Valves; V-19,20 

VFPCV-1,2 Excitation, Fuel Pressurization Control Valves; 

V-21,22 ' 

VOlV-3 Excitation, Oxidizer Isolation Valve; V-23 

VOTVV-1,2 Excitation, Oxidizer Tank Vent Valves; V-24,25 

VFIV-3,4 Excitation, Fuel Isolation Valves; V~26,27 

VFTW-{5-8) Excitation, Fuel Tank Vent Valves; V-(2S-31) 

VOPV-1,2 Excitation, Oxidizer Pressurization Valves; 

V-32,33 

VFPV-1,2 Excitation, Fuel Pressurization Valves; V~34,35 

VBIV-Cl-37) Excitation, Bi-propellant Isolation Valves; 

Thrust Chamber- (1-37) 

VMBV-(l-37) Excitation, Main Bi-propellant Valve; Thrust 

Chamber- (1-37) 

VIOV-(l-37) Excitation, Igniter Oxidizer Valve; Thrust 

Chamber- (1-37) 

VIFV-(l-37) Excitation, Igniter Fuel Valve; Thrust Chamber- 

(1-37) 

VOPV-(3-6) Excitation, Oxidizer Pressurization Valves; 

V- (36-3 9) 

Excitation, Fuel Pressurization Valves; V- 
(40-43) 


VFPV-(3-6) 
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C. ORB ITER (less engines) (cent) 

IDENTITY CODE . PARAMETER DESCRIPTION 

VGOV- (11-31) '■ 'Excitation, G02 Isolation Valves; G0V-(l-3) 

VGEV- (11-31) • Excitation, GH2 Isolation Valves; GFV-(l-3) 

VG0V-(l-3) Excitation, G02 Propellant Valves; G0V-(l-3) 

VGFV-(l-3) Excitation, GH2 Propellant Valves; GFV-(l-3) 

VIOV-38,39,40 Excitation, Igniter Oxidizer Valves; G-(l-3) 

VIFV-38 ,39,40 Excitation, Igniter Fuel Valves; G-(l-3) ' 

VLIV-1,2,3 Excitation, L02 Isolation Valves; V-52, 53,54 

VPSV-1,2,3 Excitation, Pump Suction Valves; V-52, 53, 54 

VFIVrl,2,3 Excitation, Fuel Isolation Valves; V-55,56,57 

VPSV-4,5,6 Excitation, Pump Suction Valves; V-55,56,57 

VGOV- (41-61).. Excitation, G02 Isolation Valves; GOV-4-6) 

VGFV- (41-61) Excitation GH2 Isolation Valves; GFV-( 4-6) 
VG0y-(4-6) Excitation, G02 Propellant Valves; G0V-(4-6) 

VGFV-(4-6) Excitation, GK2 Propellant Valves; GFV-(4-6) 

VFIV-4,5,6 Excitation, Fuel Isolation Valves; V-58,60,62 

VPSV-7,8,9 Excitation, Pump Suction Valves; V-59, 60,61 

VEFV-(1-12) Excitation, Engine Feed Valves; EFV-(1-12) 

VOFV-2 Excitation, Oxidizer Fill Valve; V-44 

VFFV-2 Excitation, Fuel Fill Valve; V~7u 


VII-(l-37) Voltage, Igniter Input; Thrust Chamber- (1-3 7) 

VII- (38-40) Voltage, Igniter Input; G-(l-3) 

VIE0-(l-3) Voltage, Igniter Exciter Output; G-(l-3) 

VII-(41-43) Voltage, Igniter Input; G-(4-6) 

VIE0-(4-6) Voltage, Igniter Exciter Output; G-(4-6) 
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TABLE A-2 (cont) 
MEASUREllENT IDENTITY CODES 


C. OIIBITER (less engines) (cont) 
IDENTITY CODE PAE>\HETER DESCRIPTION 


IIB-(1-37) Current, Igniter Input; Thrust Chamber- (1-37) 

HE- (38-40) Current, Igniter Input; G-(l-3) 

HE- (41-43) Current, Igniter Input; G-(4-6) 


AT- (1-3) 
AP-(1-6) 
AC- (1-9) 
AT-(4-6) 
AP-(7-9) 


Vibration, Turbine; U-(l-3) 
Vibration, Pump; P-(l-6) 
Vibration, Clutch; PT-(l-3) 
Vibration, Turbine; T-(4-6) 
Vibration, Pump; P-(7-9) 
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TABLE A- 2 

MEASUREMENT IDENTITY CODES 
booster (less engines) 

IDENTITY CODE PARAMETER DESCRIPTION 

LOIV-1,2 A&B Position, Oxidizer Isolation Valve; V-1,2 A&B 

LOW-(l-4)A&B Position, Oxidizer Vent Valve; V-(3-6) A&B 

LOFV-1 A&B Position, Oxidizer Fill Valve; V-7 A&B 

LFIV- (1-7) A&B Position, Fuel Isolation Valve; V-(8-14) A&B 

LFW-(l-4) A&B Position, Fuel Vent-Valve: V-(15-.18) A.&B 

LFFV-1 A&B Position, Fuel Fill Valve: V-19 A6B 

LOPCV-1,2 A&B Position, Oxidizer Pressure Control Valve; 

V-20,21 A&B 

LFPCV-1,2 A&B Position, Fuel Pressure Control Valve; V-22,23 
A&B' 

LOP- (1-7) A&B Position, Oxidizer Prevalve V- (77-83) A &B 

LOFC-1 A&B Position, L02 Fill Coupling; C-1 A&B 

LHC-1,2 A&B Position, L02 Helium Recir. Coupling; C-2 A&B 

LFVC-1 A&B Position, Fuel Vent Coupling; C-3 A&B 

LHC-3,4 A&B Position, Heliim Coupling - Fuel; C-4 A&B 

LFFC-1 A&B Position, Fuel Fill Coupling; C-5 A&B 

LHC-5,6 A&B Position, Helitua Coupling-Oxidizer; C-6 A&B 

LBIV-(l-38) Position, Bi-Propellant Isolation Valve; 

TR-(l-38) 

LMBV-(l-38) Position, Main Bi-Propellant Valve; TR-(l-38) 

LI0V-(l-38) Position, Igniter Oxidizer Valve; TR-(l-38) 

LIFV-(l-38) Position, Igniter Fuel Valve; TR-(l-38) 

L0PV-(l-8) Position, Oxidizer Pressurization Valve; 

V- (29-36) 

Position, Fuel Pressurization Valves; V-(37-44) 
Posision, Resupply Isolation Valve: V-46,48,50 


LFPV-(l-8) 

LRIV-(l-3) 



A- 111 


TABLE A- 2 

MEASUKEMEMT IDENTITY CODES 
D. BOOSTER (less engines) (cent) 

IDENTITY CODE PARAMETER DESCRIPTION 

LRPV-(l-3) Position, Resupply Propellant Valve; V-45,47,49 

LGOV- (11-91) Position, G02 Isolation Valve; GOV- (1-9) 

LG0V-(l-9.) Position, GO 2’ Propellant Valve; GOV-(l-9) 

LGFV-(1I-9I) Position, GH2 Isolation Valve; GPV-(l-9) 

LGFV-(l-9) Position, GH2 Propellant Valve; GFV-(l-9) 

LIOV- (39-47) Position, Igniter Oxidizer Valve; G-(l-9) 

LIFV-(39-47) Position, Igniter Fuel Valve; 6-(l-9), 

LFIV-(8-10) Position, Fuel Isolation Valve: V-90,92,94 

LPSV-(l-3) Position, Pump Suction Valve; V-91,93,63 

L0IV-(3-5) Position, Oxidizer Isolation Valve; V-57,59,61 

LTSV-(l-3) Position, Turboconipressor Suction Valve; 

V-58,60,62 

LFFC-2 Position, Fuel Fill Coupling; C-9 

LFFV-2 Position, Fuel Fill Valve; V-88 

LOFC-2 Position, Oxidizer Fill Coupling; C-8 

LOFV-2 . Position, Oxidizer Fill Valve; V-89 

LFDV-(I-4) A6iB Position, Feul Distribution Valve; 

V-98,99,100 A6cB 

LFPV- (9-10) A&B Position, Fuel Pressurization Valve; V-75,76 A&B 
IFW-(5-8)A&S Position, Fuel Vent Valve; V-(70-73) A&B 

LFVC-2 A&B Position, Fuel Vent Coupling; C-10 A6iB 

LFFV-3 A&B Position, Fuel Fill Valve; V-74 A&B 

LEFV- (1-28) A&B Position, Engine Feed Valve; EF^f-(l-28) 

PoT-1 AStB Pressure, Oxidizer Tank Ullage; T-1 A&B 

PoL-1,2 A&B Pressure, Oxidizer Distribution Line; L-8,9 A&B 
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MEASUREMENT IDEHTITY CODES 
- booster (less engines) (cent) 


identity code 

PARAMETER DESCRIPTION 

PoS-(l-7) 

A&B 

Pressure, Oxidizer Suction Line; ’L-(l-7) AsS^ 

PfT-1 

A&B 

Pressure, Fuel Tank Ullage; T-2 A&B 

PfS-(l-7) 

A&B 

Pressure, Fuel Suction Line; L- (13-19) A&B 

PoF-1 

A&B 

Pressure, Oxidizer Fill Line; L-ll A&B 

_PfF-l 

A&B 

Pressure, Fuel Fill Line; L-21 A&B 

PgO-8 

A&B 

Pressure, Oxidizer Autogenous Line; Upstream 
-F-1 A&B. 

,PgOT9 

A&B 

Pressure, Oxidizer Autogenous Line; DN stream 
F-1 A&B 

PgO-10 

A&B 

Pressure, Oxidizer Autogenous Line; L-24 A&B 

PgF-8 

A&B 

Pressure, Fuel Autogenous Line; upstream F-2 A&B 

PgF-9 

A&B 

Pressure, Fuel Autogenous Line; DNstream F-2 A&B 

PgF-10 

A&B 

Pressure, Fuel Autogenous Line; L-23 A&B 

PgRL-1 

A&B 

Pressure, .Helium Recirculation Line; L-12 A&B 

Pc- (1-38) 


Pressure, Chamber; Thruster- (1-38) 

PoL- 3,4 


Pressure, Oxidizer Feedline; Fwd. RCS/Separation, 
B oom A 

PoL-5 


Pressure, Regulator Inlet; F-6 

PbL-6,7 


Pressure, Oxidizer Feedline; Aft Separation, 
Boom A 

PoL-8 


Pressure, Regulator Inlet; F-7 

PoL- 9, 10 


Pressure, Oxidizer Feedline; Fwd RCS/Separation, 
Boom B 

PoL- 11 


Pressure, Regulator Inlet; F-4 

PoL-12,13 


Pressure, Oxidizer Feedline; Aft Separation, 
B oom B 

PoL- 14 


Pressure, Regulator Inlet; F-5 
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TABLE A- 2 

MEASUBEMENT IDEIjCTITY CODES 
D. BOOSTER (less engines) (cont) 


IDENTITY CODE 

PARAMETER DESCRIPTION 

PfL-1,2 

Pressure, 
Boom A 

Fuel Feedline; Fwd. RGS/Separation, 

PfL-3 

Pressure, 

Regulator Inlet; F-10 

PfL-4,5 

Pressure, 

Fuel Feedline; Aft Separation, Boom 

PfL-6 

Pressure, 

Regulator Inlet; F-11 

PfL-7,8 

Pressure, 
Boom B 

Fuel Feedline; Fwd. RGS/Separation, 

PfL-9 

Pressure, 

Regulator Inlet; F-8 

PfL-10,11 

Pressure, 

Fuel Feedline; Aft Separation, Boom ! 

PfL-12 

Pressure, 

Regulator Inlet; F-9 

PoT-2,3 

Pressure, 

GO 2 Accomulator; T-4 

PoT-4,5 . 

Pressure, 

GO 2 Accumulator; T-5 

PoT-6,7 

Pressure, 

G02 Accululator; T-6 

PoT-8,9 

Pressure, 

GO 2 Accumulator; T-7 

PfT-2,3 

Pressure, 

GH2 Accumulator; T-8 

PfT-4,5 

Pressure, 

GH2 Accumulator; T-9 

PfT-6,7 

Pressure, 

GHZ Accumulator; T-10 

PfT-8,9 

Pressure, 

GH2 Accumulator; T-11 

PHEO-(l-S) 

Pressure, 

Heat Excfianger Outlet; H~(l-3) 

Pc- (39-47) 

Pressure, 

Chamber; G-(l-9) 

PPTL-(l-9) 

Pressure, 

Power Train Lube; PT-(l-9) 

PPD-(l-3) 

Pressure, 

Pump Discharge; P-(l-3) 

PTI-d-3) 

Pressure, 

Turbocompressor Inlet; CU-(l-3) 

PTD-(l-3) 

P res sure, - 

Turbocompressor Discharge; CU-(l-3) 

PPS-(l-3) 

Pressure , 

Pump Suction; P-(l-3) 

PfT-10 A&B 

Pressure, 

LH2 Cruise Tank; T-12 A&B 
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TABLE A- 2 

MEASUREMENT IDENTITY CODES 
D, BOOSTER (less engines) (cont) 

IDENTITY -CODE PARAMETER DESCRIPTION 

PfL“ (13-19) Pressure, Fuel Feedline; Turbofan Inlets 

PfL-20 A&B Pressure, Regulator Inlet; F-12 A&B 
PCV-(r-3) Pressure, Check Valve; V-(51-53) 

PCV-(4-6) Pressure, Check Valve; V-(85-87) 


ToT-1 A£^ 
TfT-1 A&B 
ToL-1,2 A&B 

TfF-1 A&B 
ToS-(l-7) A&B 
TfS-(l-7) A&B 
TgO-(l-7) A&B 

TgF-(l-7) A&B 

THE-(l-3) A&B 

TPB-(l-3) 

ToT-(2-5) 

TfT-(2-5) 

Tc-(l-9) 

TPTL-(l-9) 

TCB-(l-3) 

TfL-(l-7) 

TfT-6 A&B 


Temperature, Oxidizer Tank; Ullage T-1 A&B 

Temperature, Fuel Tank; Ullage T-2 A&B 

Temperature, Oxidizer Distribution Line; 

L-8,9 A&B 

Temperature, Fuel Fill Line; DNstream V-19 A&B 

Temperature, Oxidizer Suction Line; L-(1-7)A&B 

Temperature, Fuel Suction Line; L- (13-19) A&B 

Temperature, Oxidizer Autogenous Line; Engine 
Interface 

Temperature, Fuel Autogenous Line; Engine 
Interface 

Temperature, Heat Exchanger; H-(l-3) 
Temperature, Pump Bearing; P-(l-3) 

Temperature, GO 2 Accumulator; T-(4-7) 
Temperature, GH2 Accumulator; T-(8-ll) 
Temperature, Chamber; G-'(l-9) 

Temperature, Power Train Lube; PT-(l-9) 
Temperature, Turbocompressor Bearings; CU-(l-3) 
Temperature, Fuel Feedline; Engine Inlet 
Temperature, Fuel Tank; T-12 A&B 
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TABLE A- 2 

MEASUREMENT IDENTITY CODES 
D, BOOSTER (less engines) (cont) 

IDENTITY CODE PARAMETER DESCRIPTION 

QoT-(l-3) A£iB Quantity, Oxidizer Tank; T-1 A&B 

QfT-(l-3) AScB Quantity, Fuel Tank; T-2 A&B 

QPTL-(l-9) Quantity, Power Train Lube; PT-(l-9) 

Q£T-(4“9) A&B Quantity, Cruise Tank; T~12 A&B 

✓ 

NT- (1-9) ■ .(RPM),- Turbine; U-(l-6), X-(l-3) 

•MP-(l-3) ■ - (RPM), Pump; P-(l-3) 

■NTC-(l-3) (RPM), Turbocompressor; ClT-(l-3) 

NS-(l-3) (RPM), Turbine Output Shaft; X-(l-3) 

AT-(l-3) . . Vibration, Turbine; U-(l-3) 

AP-(l-3) Vibration, Pump; P-(I-3) 

ATC-(l-3) Vibration, Turbocompressor; CU-(l-3) 

AT-(4-’6) Vibration-, Turbine; U-(4-6) 

AT- (7-9) . . Vibration, Turbine; X-(l-3) 

VOIV-1,2 A&B Excitation, Oxidizer Isolation Valve; V-1,2 A&B 

VOW- (1-4) A&B Excitation, Oxidizer Vent Valve; V-(3-6) A&B 

VOFV-1 A&B ‘Excitation, Oxidizer Fill Valve; V-7 A&B 

VFIV-(1-7)A6B Excitation, Fuel Isolation Valve; V-(8-14) A&B 

VFW-'(1-4)A&B ' Excitation^ Fuel Vent Valve; V-(15-18) A&B 

VFFV-1 A&B Excitation, Fuel Fill Valve; V-19 A&B 

VOPCV-1,2 A&B Excitation, Oxidizer Pressure Control Valve; 

V-20,2l‘A&B ■ 

Excitation, Fuel Pressure Control Valve; 

V-22,23 A&B 


VFPCV-1,2 A&B 
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TABLE A- 2 

MEASUREMENT IDENTITY CODES 
D. BOOSTER (less engines) (cent) 

IDENTITY CODE PARAMETER DESCRIPTION 

VOP-(l-7) A&B Excitation, Oxidizer Prevalve; V-(77-83) A&B 

VBIV- (1-38) A&B Excitation, Bi-Propellant Isolation Valve; 
TR-(l-38) 

VMBV-(l-38) Excitation, Main Bi-Propellant Valve; TR-(l-38) 

VIOV-(l-38) Excitation, Igniter Oxidizer Valve; TR-(l-38) 

VIFV-(l-38) Excitation, Igniter Fuel Valve; TR-(l-38) 

VOPV-(l-S) Excitation, Oxidizer Pressurization Valve; 

V-(29-36) 

VFPV-(l-8) Excitation, Fuel Pressurization Valves; 

V- (37-44) 

VRIV-(l-3) Excitation, Resupply Isolation Valve; V-46,48,50 

VRPV-(l-3) Excitation, Resupply Propellant Valve; 

V-45,47,49 

VG0V-(1I-9I) Excitation, G02 Isolation, Valve; G0V-(l-9) 

VGOV“(l-9) Excitation, G02 Propellant Valve; G0V-(l-9) 

VGFV- (11-91) Excitation, GH2 Isolation Valve; GFV-(l-9) 

VGFV-(l-9) Excitation, GH2 Propellant Valve; GFV-(l-9) 

VI0V-(39-47) Excitation, Igniter Oxidizer Valve; G-(l-9) 

VIFV- (39-47) Excitation, Igniter Fuel Valve; G-(l-9) 

VFIV-(8-10) Excitation, Fuel Isolation Valve; V-90,92,94 

VPSV-(l-3) Excitation, Pump Suction Valve; V-91,93,63 

VOIVr(3-5) Excitation, Oxidizer Isolation Valve; 

V-57,59,61. 

VTSV-(l-3) Excitation, Turbocompressor Suction Valve; 

V-53,60,62. 

Excitation, Fuel Fill Valve; V-88 
Excitation, Oxidizer Fill Valve; V-89 


VFFV-2 

VOFV-2 
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TABLE A- 2 

MEASUREMENT IDEICTITY CODES 
D. BOOSTER (less engines) (cont) 

IDENTITY CODE PARAMETER DESCRIPTION 

VFdV-CI-A) a&B Excitation, Fuel Distribution Valve; V-98,99,100, 
84 A&B 

VFPV-(9-10)ASB Excitation, Fuel Pressurization Valve; V-75,76 
ASS 

VFW-C5-8) A&B Excitation, Fuel Vent Valve; V- (70-73) A&B 

VFFV-3 A£sB Excitation, Fuel Fill Valve; V-74 A&B 

VEFV-(l-28) Excitation, Engine Feed Valve; EFV-(l-28) 

VII-(l-38) Voltage, Igniter Input; TR-(l-38) 

VII- (39, 47) Voltage, Igniter Input; G-(l-9) 

VIE0-(l-9) Voltage, Igniter Exciter Output; G-(l-9) 

HE- (1-38) Current, Igniter Input; TR-(l-38) 

IIE-(39-47) ‘ Current, Igniter Input; G-(l-9) 
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TABLE A-3 


SENSOR CRITERIA 


PARAMBTER i Pressure Measurement Type : P-l-ME 

RANGE (S^ i 0-50 psia 

FUJID(S> IN CONTACT WITH DIAPHRAGM ; 1^2 » GN 2 

COMraNSATED OPERATING RANGE : -420®P to -120°F 

ERROR BAND OVER COMPENSATED RANGE : + 0, 51, 3 (T 

OPERATING TEMPERATURE RANGE : .-420®F to + 165®F 

MAXIMUM EXPOSURE TEMPERATURE RANGE : (Not Available) 

TYPE OF SENSING ELEMENT ; Full Bridge 
EXCriAYION : 10 V.D.C. Nominal 

INPOT/OOTPOT RESISTANCE ; Estimate: 1 X to 2 K ohms 

EUSCTRICAL CALIBRATION CHECK : Single internal shunt, by external contact closure. 

SENSlTIVrrY : 3 HV/V. nominal 

FLAT FREQUENCY RESPONSE ;. 20 Hz. (possible POGO application) 

VIBRATION : Nominal 54 G. RHS, random 

OVER PRESSURE FACTOR. NO CHANGE IN PERFORMANCE ; 1.0 

PROOF PRESSURE : 54 psia 

MOUNTING : Direct, Flange 

WBIGHT/VOLUME : Not Available 

OPEkATIONAL LIFE : 10 hours, engine operating; 3200 hours ground time 

CONNECTOR : (Not Available) 

SHELF LIFE : 10 years 

srecIAL NOTES : Estimated availability of untested units: 12 weeks A.R.O. 
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SENSOR CRITERIA 


PARAHETER t Pressure Measurement Type s p-2-ME 

RAiaSE (S) ; 0 - 3000 psla 

PmiD(S) IN CONTACT WITH DIAPHRAGM : LH 2 ; GHE; GN 2 

COMPENSATED OPERATING RANGE ; -420°F to -120®F 
ERROR BAND OVER COMPENSATED RANGE : + 1.0%, 3<T 

OPERATING TEMPERATURE RANGE ; -420°F to +165°F 
MAXIMUM EXPOSURE TEMPERATURE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT : Full Bridge 

EXCITATION ; 10 V.D.C. nominal 

INFUT/OUTPin: RESISTANCE ; Estimate: I K to 2 K ohms. 

ELECTRICAL CALIBRATION CHECK ; Single internal shunt by external contact closure. 

SENSITIVITY t 3 MV./V nominal 

FLAT FREQUENCY RESPONSE : 10 Hz 

VIBRATION : Nominal 54 G. RMS random 

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE : 1.0 

PROOF PRESSURE ; Approximately 3600 psla 

MOUNTING : Direct , Flange 

WEIGHT/VOLUMS ; Not Available 

OPERATIONAL LIFE ; 10 hours, engine operating; 3200 hours ground time 
CONKECTCHl ; (Not available) 

SHELF LIFE ; 10 years 

SPECIAL NOTES ; Estimated availability of untested units; 12 weeks A.R.O. 
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TABLE A-3._.(Gont.) 

SENSC& CRITERIA 


PARAMETER: Pressure ■ Measurement Type: p-3-WE 

RANGE (S) I 0-100 psia 

FLUID CS> IK COKTACI WITH DlAraRAGM : 1^2? GHEj GN^ 

COMPENSATED OPERATING RANGE : -420®F to -120®? 

ERROR BAND OVER COMPENSATED RAITOE : + l.OZ, 3C‘ 

OPERATING TEMPERATURE RANGE : -420®? to +165®? 

MAXIMUM EXPOSURE TEMPERATURE RANGE : (Not Available) 

TYPE 0? SENSING ELEMENT : ?Ull Bridge 

EXCrrATION : 10 V.D.C. noalnal 

IHPUr/OUIPUI RESISTANCE ; IK to 2K ohms (estimated) 

EUSCTRICAL CALIBRATION CHECK : Single Internal shunt by external contact closure. 

SBHSmVITY : 3 HV/Volt nominal 

FLAT FREQUENCY RESPONSE ; 20 Hz 

VIBRATION ; Mimtlnal 54 6* s RMS random 

OVER HtESSURS FACTOR. NO (MANGE IN PERFORMANCE : 1.2 

PROOF PRESSURE ; 150 psia 

MOUNTING ; Direct , Flange 

WEIGHT/VOLUMB : (Not available) 

OPERATIONAL LIFE ; _ 10. hours, .engine operating j 3200 hours ground time. 

CONNECTOR ; (Not available) 

SHELF LIFE : 10 years 

SPECIAL NOTES ; Estitoated availability of untested units: 12 weeks A.R.O. 
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SENSOR crueria 


PARAME TER : Pressure Measurement Type : p-4-ME 

RANGE (S) ; 0 - 6000 psia, 0 - 3500 psia 

FLUID (S) IN CONTACT WITH DIAPHRAGM : Hot Gas, Hg-Rich; GHE; GN 2 

COMPENSATED OPERATING RANGE : 0 to +300°F 

ERROR BAiro OVER COMPENSATED RANGE : +0.5%, 3<3~ 

OPERATING TEMPERATURE RANGE : -65 to +300°F 

MAXIMUM EXPOSURE TEMPERATURE RANGE : (Not Available) 

TYPE OF SENSING ELEMENT : Full Bridge 

EXCITATION ; 10 V. D.C. nominal 

INPUT /OUTPUT RESISTANCE : 1 K to 2 K ohms (estimated) 

ELECTRICAL CALIBRATION CHECK ; Single Internal shunt by external contact closure. 

SENSITIVITY ; 3 MV/V nominal 

FLAT FREQUENCY RESPONSE : 20 Hz (rain) 

VIBRATION ; Nominal 45 G's RMS random 

OVER PRESSURE FACTOR. NO CHANGE IN PERFORMANCE : 1.0 

PROOF PRESSURE ! 7200 psia; 4000 psia 

MOUNTING ; Direct, Flange 

WBIGHT/VOLUME ; (Not Available) 

OPERATIONAL LIFE ; 10 hours, engine operating; 3200 hours ground time. 

CONNECTOR : (Not available) 

SHELF LIFE ; 10 years 

SPECIAL NOTES ; Estimated availability of untested units: 12 weeks A.R.O. 
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TABLE A-3 (Cont.) 


SENSOR CRIXERIA 


PARAMETER ; Pressure Measurement Type ; p-5-ME 

RANGE (S) ; 0 - 300 psia 

FLPID(S) IN CONTACT WITH DIAPHRAGM ; LOX; GN 2 
COMPENSATED OPERATING RANGE ; -300°F to 0®F 
ERROR BAND OVER COMPENSATED RANGE ; + 0.5X, 3^ 

OP^TING TEMPERATURE RANGE ; -300®F to +165°F 
MAXIHOM EXPOSURE TEMPERATURE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT ; Full Bridge 
EXCITATION ; 10 V D,C. nominal 

INPin/OUIPUT RESISTANCE ; I K to 2 K ohms (estimated) 

ELECTRICAL CALIBRATION CHECK ; Single internal shunt by external contact closure. 

SENS IT IV TTY ; 3 MV/Volt nominal 

FLAT FREQUENCY RESPONSE ; 20 He 

VIBRATION ; Nominal 5A G's RMS random 

OVER PRESSDRE FACTOR. NO CHANGE IN PERFORMANCE ; 1,0 

PROOF PRESSURE ; 360 psia 

MOPNTINQ : Direct, Flange 

WEIGHT/VOLUME ; (Not Available) 

OPERATIONAL LIFE ; 10 hours, engine operatingj' 3200 hours ground' time, 

CONNECTOR ; (Not Available) 

SHELF LIFE ; 10 years 

SPECIAL NOTES ; Estimated availability of untested units: 12 weeks A.R.O., 
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SENSOR CRITERIA 


PARAMETER ; Pressure Measurement Type ; P-6-ME 

RANGE (S) ; 0 - 750 psia 

n^ID(S) IN CONTACT WITH DIAPHRAGM ; LOX; GN 2 
COMPENSATED OPERATING KANGS ; -300®F to 0°F 
ERROR BAND OVER COMPENSATED RANGE ; + IX, 3 <T 
OPERATING TEMPERATURE RAN(^ : -300°F to +165°F 

MAXIMUM EXPOSDRE TEMPERATURE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT ; Pull Bridge 
EXCITATION ; 10 V D.C, nominal 

INPUT/OUTPUT RESISTANCE ; 1 K to 2 X ohms (Estimated) 

ELECTRICAL CALIBRATION CHECK ; Single internal shunt by external contact closure. 

V . 

SENSITIVITY ; 3 MV/V nominal 

FLAT FREQUENCY RESPONSE ; 20 Ha 

VIBRATION ; Nominal 54 6* s RMS random 

OVER PRESSURE FACTOR, NO QIANGE IN PERFORMANCE ; 1,0 

PROOF PRESSURE ; 840 psia 

MOUNTING ; Direct, Flange 

WEIGHI/VQLUME ; (Not Available) 

OPERATIONAL LIFE : ' 10 hours, engine operating; 3200 hours ground^ time, 

CONNECTOR ; (Not Available) 

SHELF LIFE ; 10 years 


SPECIAL NOTES ; Estimated availability of untested units: 12 weeks A.R.O 
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n?ABLE A-3 (Cont«) 


SENSOR CRITERIA 


PARAMETER : Fressture Measurement Type r P-7-ME 

range (S) : 0-50 psia 

FLUID (S) IN CONTACT WITH DIAPHRAGM : G^» GOX, GH 2 

COMPENSATED OPERATING RANGE ; -100®F to +200®F 
ERROR BAND OVER COMPENSATED RANGE : + l.5X» 30” 

OPERATING TEMPERATURE RANGE : -XOO®F to +200®F 

MAXIMUM EXPOSURE TEMPERATURE RANGE : (Hot Available) 

TYPE OF SENSING El^MEWT ; Pull Bridge 
EXCITATION : 10 7 D.C. noainal 

INPUr/OUTPUT RESISTANCE : 1 E to 2 K ohms’ (estimated) 

ELECTRICAL CALIBRATION CHECK : . Single Internal shunt by external closure. 

SENS IT ly TTY : 3 MV/V nominal 

FLAT HtEOUENCY RESPONSE : < 20 Hz 

VIBRATION : Nominal 54 6* a random 

OVER PRESSURE FACTOR, NO CHANGE IN PERFORMANCE : 1,0 

PROOF PRESSURE : 60 pSia 

MOUNTING: Direct ». Flange 

WSIGHT/VOLUME ; (Not Available) 

OPERATIONAL LIFE : .. . 10 hours > engine operating j 3200 hours ground' time, 
CONNECTOR : (Not Available) 

SHELF LIFE : 10 years 

SPECI AL NOTES ; Estimated .availability of untested units: 12 weeks A.R.O. 
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SENSOR CRITERIA 


PARAMETER ; Pressure Measurement Type ; P-8-ME 

RANGE (S) ; 0 - 8000 psia, 0 - 5000 psla 

FLUID (S) IN CONTACT WITH DIAPHRAGM ; LOX; GNj 
COMPENSATED OPERATING RANGE ; -300°P to 0°P 

ERROR BAND OVER COMPENSATED RANGE ; + 1.5%, 3(T and + 0.5%. 3<T 
OPERATING TEMPERATURE RANGE ; -300®F to +165°F 
MAXIMUM EXPOSURE TEMPERATURE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT ; Full Bridge 
EXCITATION ; lO V D.C. nominal 

INPUT/OUTPUT RESISTANCE ; 1 K to 2 K ohms (estitaated) 

ELECTRICAL CALIBRATION CHECK ; Single internal shunt by external contact closure. 

SENS rriV TTY ; 3 MV/V nominal 

FIAT FREQUENCY RESPONSE ; 100 Hz (estimate) 

VIBRATION ; Nominal 54 G's RMS random 

OVER PRESSURE FACTOR. NO CHANGE IN PERFORMANCE ; l.O 

PROOF PRESSURE ; 9,000 psia, 6,000 psia 

MOUNTING ; Direct, Flange 

WEIGHT /VOLUME ; (Not Available) 

OPERATIONAL LIFE ; 10 hours, engine operating; 3200 hours ground time, 

CONNECTOR ; (Mot Available) 

SHELF LIFE ; 10 years 


SPECIAL NOTES: Estimated availability of untested units: 12 weeks A.R.O. 
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TABLE A-3 (GontO 


SENSOR CRITERIA 


PARAMETER ; Pressure Measurement Type; P-9-ME 

RANGE (S) ; 0 - 100 microns^ 

FLUID (S) IN CONTACT WITH DIAPHRAGM ; Air, GH 2 
COMPENSATED OPERATING RANGE ; Ambient 
ERROR BAND OVER COMPENSATED RANGE ; +20X 
OPmTING TEMPERATURE RANGE ; -65 to +165°F 
MAXIMUM EXPOSURE TEMPERATURE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT ; Thermocouple 
EXCITATION ; Not Applicable * 

' INPUI/OUTPUT RESISTANCE ; Not Applicable 
ELECTRICAL CALIBRATION CHECK; If sensor opens, zero output should result, 
SENSITIVITY ; Not Available - estimate one micron 
HAT FREQUENCY RESPONSE ; 1 sec, zero to atm. 

VIBRATION ; Nominal 54G's RMS random 

OVER PRESSURE FACTOR. NO CHANGE IN PERFORMANCE ; 

PROOF PRESSURE ; 54 psia 
MOUNTING ; Direct, Flange 
WEIGHT/VOLUME ; (Not Available) 

OPERATIONAL LIFE ; 10 hours, engine operating; 3200 hours ground . time^ 
CONNECTOR ; (Not Available) 

SHELF LIFE ;. 10 years 

SPECIAL NOTES ; No estimate of availability, similar units supplied in past for 
missiles, but no direct applicabilitv. 
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SENSOR CRITERIA 


PARAMETER ; Pressure Measurement T 3 rpe; P-IO-ME 

RANGE (S) ; 0 - 7000 psia 

FLUID (S) IN CONTACT WITH DIAPHRAGM ; 1^2; GN 2 
COMPENSATED OPERATING RANGE : -300°F to 0°F 

ERROR BAND OVER COMPENSATED RANGE ! + 0. 5X, 3<T 
OPERATING TEMPERATURE RANGE ; -300°F to +165°F 
MAXIMUM EXPOSURE TEMPERATURE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT ; Pull Bridge 
EXCITATION ; 10 V. D.C. nominal 

INPlir/OUTPUT RESISTANCE ; 1 K to 2 K ohms (estimated) 

ELECTRICAL CALIBRATION CHECK ; Single internal shunt by external contact closure 

SENSITIVITY ; 3 MV/V nominal 

FLAT FREQUENCY RESPONSE ; 20 Hz 

VIBRATION ; Nominal 54 G's RMS random 

OVER PRESSURE FACTOR. NO CHANGE IN PERFORMANCE ; 1.0 

PROOF PRESSURE ; 8400 psia 

MOUNTING ; Direct, Flange 

WEIGHT/VOLUME ; (Not Available) 

O PERATIOML LIFE ; 10 hours, engine operating; 3200 hours ground time, 

CONNECTOR ; (Not available) 

SHELF LIFE ; 10 years 

SPECIAL NOTES ; 12 weeks , etc. etc. 
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TABLE A-3 (Gont.) 


SENSOR CRITERIA 

PARAMETER ; Pressure; 0~1500 psid Measurement Type ; p-ll-ME 

RANGE (S) ; 0 - 1000 psid 

FLUID (S) IN COWTACI WITH DIAPHRAGM ; 1H2/GH2: Hot Gas; CTB; GN 2 

COMPENSATED OPERATING RANGE ; -200 to +100°F 
ERROR BAND OVER COMPENSATED RANGE ; + 0.75%, 

OPERATING TEMPERATURE RANGE ; -200®F. to +165®F 
MAXIMUM EXPOSURE TEMPERATURE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT ; Bridge 

EXCITATION ; 10 V D.C. nominal 
INPUr/OUTFUT RESISTANCE ; (Not Available) 

ELECTRICAL CALIBRATION CHECK ; Single internal shunt by external contact closure. 

SENSITIVrrY ; 3 MV/V nominal 

FLAT FREQUENCY RESPONSE ; 20 Hz 

VIBRATION ; Nominal 54 6* s RMS random 

OVER PRESSURE. NO CHANGE IN PERFORMANCE ; 

COLD SIDE : 6800 maximum working pressure 

HOT SIDE ; 6000 maxim\mi working pressure 
PROOF PRESSURE ; 8160 psia 
MOUNTING ; (Not Available) 

WEIGHT/VOLUME i. (Not Available) 

OPERATIONAL LIFE ; 10 hours, engine operating; 3200 hours ground time. 

CONNECTOR ; (Not Available) 

SHELF LIFE ; 10 years 

SPECIAL NOTES ; This item would require extensive development. At least 15 months 
for a prototype is required. 
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SENSOR CRITERIA 


PARAMETER ; Pressure Measurement Type ; P-12-ME 

RANGE {S) ; 0 - 200 paid 

ELOID(S) IN CONTACT WITH DIAPHRAGM ; C 0 MGH 2 ; GHE; GN 2 
COMPENSATED OPERATING RANGE ; -300 to -fO°P. ' 

ERROR BAND OYER COMPENSATED RANGE ; + 2%, 3 <T 
OPERATING TEMPERATDRE RANGE ; -300°F to +165°P 
MAXIMUM EXPOSURE TEMPERATURE RANGE ? (Not Available) 

TYPE OF SENSING ELEMENT ; Full Bridge 
EXCITATION ; 10 V D,C. nominal 

INPUT /OITIPUT resistance; (Not Available) estimate 350 to 2000 ohms. 

ELECTRICAL CALIBRATION CHECK ; Single internal shunt by external contact closure. 

SENSITIVITY ; 3 MV/V nominal 

FLAT FREQUENCY RESPONSE ; 20 Hz 

VIBRATION ; Nominal 54 G's RMS random 

OVER PRESSURE. NO CHANGE IN PERFORMANCE ; 

Hlffii SIDE ! 7000 psia 
LOW SIDE ; 3800 psia 
PROOF ; 8400 psia 
MOUNTING ; (Not Available) 

WEIGHT/VOLUMB : (Not Available) 

OPERATIONAL LIFE ; 10 hours, engine operating j 3200 hours ground time, 

CONNECTOR ; (Not Available) 

SHELF LIFE ; 10 years 


SPECIAL NOTES ; Availability of untested units estimated 12 - 15 weeks A.R.O 
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SENSOR CRKERIA 


parameter I Pressure ' Measurement Type : P~13-ME 

RANGE (S) ; 0 - 1500 psla; 0 - 2000 psia 

FLUID (s) IN COyrACT WITH DIAPHRAGM : GO2; GH2SGHE 

COMPENSATED OPERATING RANGE ; 0 - 300°F 

ERROR BAND OVER COMPENSATED RANGE ; + 0.5X, 3 

OPERA! It^ TEMPERATURE RANGE :' -65 to +300°F 

MAXIMUM EXPOSURE TEMPERATURE RANGE : (Not Available) 

TYPE OF SENSING ELEMENT : Full Bridge 

EXCITATIOK : 10 V D.C. nominal 

IHPUT/OUtPUT RESISTANCE ; " 1 K to 2 K ohms (estimated) 

ELECTRICAL CALIBRATION CTKCK ; Single Internal shunt by external contact closure. 
SENSITIVITY ; 3 MV/V nominal 

FLAT FREQUENCY RESPONSE ; (Zero to full scale In 2 seconds) 

VIBRATION ; Nominal 54 G's RMS random 

OVER HIBSSURE FACTOR. NO CHANGE IN PERFORMANCE; 4.0 

PROOF PRESSURE ; 8400 psla 

MOUNTING ; Direct, Flange 

WEIGHT /VOLUME ; (Not AvalUble) 

OPERATIONAL LIFE ; 10 hours, engine operatingj _ 3200 hours _ground time, 

CONNECTOR ; (Not Available) 

SHELF LIFE ; 10 years 

SPECIAL NOTES ; Availability, untested units; 12 - 18 weeks, A.R.O. 
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SENSC»l CR2TERU 


PARAMETER ; Pressure Measurement Type ; P-14-ME 

RANGE (S) ; 0 - 1500 psla 

FLUID(S) IN CONTACT WITH DIAPHRAGM; _ GHE; GN 2 
COMPENSATED OPERATING RAI«3B ; -65° to +165°F 
ERROR BAND OVER COMPENSATED RANGE ; + 1.5%, 3<J' 

OPERATING TEM^RATURE RANGE ; -65°F to 4-165°F 
MAXIMUM EXPOSURE TEMPERATURE RANGE : (Not Available) 

TYPE OF SENSING ELEMENT ; FtiU Bridge 
EXCITATION ; 10 V D.C. nominal 

INPUT/OUTPUT RESISTANCE ; ,35 to 2 K ohms (estimated) 

ELECTRICAL CALIBRATION CHECK ; Single Internal shunt by external contact closure. 

SENSITIVITY ; 3 MV/V nominal 

FLAT FREQUENCY RESPONSE ; Estimate 20 Hz 

VIBRATION ; Nominal 54 G*s RMS random 

OVER PRESSURE FACTOR. NO CHANGE IN PERFORmNCE ; 1.2 

PROOF PRESSURE ; 2250 psia 

MOUNTING ; Direct, Flange 

WBIGHY/VOLUHE ; (Not Available) 

OPEEIATIONAL LIFE ; 10 hours, engine operatingj 3200 hours ground time, 

CONNECTOR ; (Not Available) 

SHELF LIFE ; 10 years 

SPECIAL NOTES ; Estimated availability: 12 veeks A.R.O. , untested. 
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SENSOR CRHERIA 


hydraulic system measurements i Measurement Type : P-15-ME 

The system Is undefined at this time. 

As a mlnltBUmi system pressure* accumulator pressure* gimbaX actuator 
A P's, filter A R, and reservoir level are required. 

The flat response of the A P's should be 10 Hz (gli^l frequency). 

Design limit pressure should be the basis for over^pressura capability* 
which must take into account the surge peaks. Also* proof should be 1.2 x 
design limit, and burst should 1»e 1. 5 x design limit. 
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SENSOR CRITERIA 


PARAMETER : Temperature Measurement Type; T-16-ME 

RANGE! 460®R to 2200®R 

PRECISION : + 3°R 

SENSING ELEMENT : Platinum 

FLUID (S) IN CONTACT WITH PROBE : Hydrogen - rich combustion gas; 6HE; GN 2 

EXCITATION ! Constant current 

ELECTRICAL CALIBRATION CHECK ; None in probe. Suggest four wire system, with 
. calibration check circuitry in series with probe, 

PRESSURE RATINGS : 

MAX. WK6: 6000 psia 

PROOF: 7200 psia 

MOUNTING : Direct, Flange 

TIME CONSTANT : <^0,5 sec. in gas stream. 

SELF HEATING ERROR : (Not Available) 

STEM CONDUCTION ERROR : (Not Available) • 

INIERCHANGEAB ILIT Y : (Not Available) 

VIBRATION : Nominal 54 G‘s RMS, random 

OPERATING TEMPERATURE RANGE : 400°R to 2200°K 

CONNECTOR ; (Not Available) 

WEIGHT /VOLUME : (Not Available) 

SHELF LIFE : 10 years 

OPERATIONAL LIFE : 10 hours, engine operating; 3200 hours ground time. 


SPECIAL NOTES ; Estimated availability of untested units, 12 - 18 weeks A.R.O. 
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SENSOR CRITERIA 


PARAMETER ; Temperature Measurement Type ; T-17-ME 

RANGE; 30®R to 300®R 
PRECISION ; + 0.3^; + 0.6®R 
SENSING EU:MSNT ; Platinum 

FLUID (S) IN CONTACT WITR PROBE ; JjOX; LH 2 ; GN 2 ; GHE. 

EXCITATION ; Constant current 

ELECTRICAL CALIBRATION CHECK ; None In probe. Suggest four wire systeip with 

calibration check circuitry in aeries with probe. 

PRESSURE RATINGS ; 

MAX. WKG: 7500 psia 

PROOF: 9000 psia 

MOUNTING : Direct, Flange 

TIME CONSTANT ; ^0.5 sec* in flowing liquid 
SELF HEATING ERROR ; (Not Available) 

STEM CONDUCTION ERROR : (Not Available) 

INTERCHANGEABILITY ; (Not Available) 

VIBRATION : Nominal 54 G*s RMS, random 

OPERATING TEMPERATURE RANGE ; 30^ to 565®R 
CONNECTOR ; (Not Available) 

WEIGHT/VOLUME ; (Not Available) 

SHELF LIFE ; 10 years 

OPERATIONAL LIFE ; 10 hours, engine operatingi 3200 hours ground time*. 

SPECIAL NffTES ; Estimated availability of untested units: 12 - 18 weeks A.R.O. 
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SENSOR CRITERIA 

PARAMETER ! Position, Analog, linear travel. Measurement Type ; PN-18-ME 

STROKE ; 0.3"; 1'" 

LINEARITY ; 0. 5% nominal 
RESOLUTION ; infinite 
RESISTANCE ; 10,000 ohms nominal 

EXCmilON ; 10 V. D,C. 

OPERATING TEMPERATURE RANGE ; -200°F to +165°F 

OPERATING PRESSURE RANGE : Ambient sea level to space vacuum. 

VIBRATION ; nominal 5A G*s RIS, random 
MINIMUM OPERATING CYCLE RATING ; 5 x 10^ 

INTERCHANGEABILITY ; (Not Available) 

MOUNTING : On components, external. (Details not available). 

CONNECTOR ; (Not Available) 

WEIGHT/VOLUMS : (Not Available) 

ELECTRICAL CALIBRATION CHECK; Set end-point mechanical travel to give. a 5 or 10% 

voltage output residual, • if sensor opens, output 
voltage jumps to a forbidden level (requires stored 
logic) . 

AVAlLABILITY t 12 - 18 weeks, depending upon configuration requirements. 
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SEHSOR CRITERIA 


PARAMETER : Position, Discrete Measurement Type r PN-19-ME' 

LOGIC : Two-level voltage output; 1 V D.C. ; ^ 2 ^ ^ 

OPERATING TEMPERATURE RANGE : -300®F to 165°F 

HYSTERESIS : 0.001" to 0.005" (estimate) 

APPLICATION : Direct-acting solenoid valves; extendible nozzle mechanisms; 

gimbal actuator null lock; 

OPERATIONAL CHECK : Simulation of position change by external contact closure. 

OPERATING PRESSURE RANGE : Sea level ambient to space vacuum. 

MOUNTING : Component, eternal; (Details not available). 

SPECIAL NOTES ; In many cases these sensors will be on solenoid valves with 
0.030" to 0.050" travel. Redundant sensors in both open and 
closed positions may be required. The sensor should be Integrated 
irtth the valve. Considerable development is anticipated. 

CONNECTOR: (Not Available) 
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SENSOR CRITERIA 


PARAMETER ; Vibration Measurement Type ; V-20-ME 

TEMPERATURE RANGE ; -400°F to +165°F 

DBSCRIFTIOH ; This sensor Is Intended to serve as a bearing/ turbine/pump condition 
monitoring device. The principle impetus is the avoidance of a total 
baring failure in a LOX pump. A secondary objective is to prevent 
a similar occurrence In an LH2 pump. 

The intended method for avoiding failure is to monitor acoustic 
emission during engine operation, recording data, and analyzing the 
data for trends and absolute limits. 

The device is Intended to be used as a flight safety monitor , to 
initiate an emergency shutdown in the event of detection of a level 
in excess of allowable. 

The device must contain a self -check feature to be assured that 
(1) the transducer is functional, and, (2) the input/level 
discrimination circuits are functional. 

SPECIAL NOTE ; No device is knpwn>diich- is readily available. As a baseline, the 
technique described in the following paper is suggested: (1) ' 

"Incipient Failure Detection in Bearings," Harvey L. Balderston; 
(Boeing Company, Seattle Washington). American Society for Non- 
Destructive Testing , National Conference, 28th. Detroit, Michigan, 
October 14 - 17, 1968 Paper 17p. 

OPERATING LIFE ; 10 hours, engine operatingj 3200 hours ground time.- 
VIBRATION ; 54G's RMS random, to 2000 Hz. 

SHELF LIFE ; 10 years 
CONNECTOR ; (Hot available) 

INTERCHANGEABILITY ; Replacement of the sensor must not require adjustment of 

electronics at a remote point. Software adjustment in the 
engine controller is permissible. 


(o 
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SENSOR CRITERIA 


PARAMETER : Displacement Measurement Type : X-21-ME 

TEMPERATURE RANGE : -420®F to +165®F 

DESCRIPTION : This sensor is intended to serve as a bearlng/turblne/pump condition 

monitoring device. - The principle impetus is the avoidance of a total 
bearing failure in a LOX pump. A secondary objective is to prevent 
a similar occurrence in an LH 2 P“»P* 

The Intended- method for avoiding failure is the detection of 
turbopump shaft displacement during engine operation, recording 
data, and analysing for trends and absolute limits. 

Based on wear patterns, a resolution of the order of 0.0001” to 
0.0005”, in a full scale range of perhaps 0.005” or O.OlO” is 
required. Stability and calibration criteria must be determined 
on these values. 

It is also intended that the sensor system be used as a flight 
safety monitor to initiate engine shutdovnl should deflection exceed 
predetermined levels. 

The device must contain a self-check feature to assxire that sensor 
and its associated electronics are functioning* 

SPECIAI. NOTE : No proven device is known to exist. The closest approach is a 

system built by Kaman Nuclear Company, Colorado Springs, Colorado. 

It is in use at Aerojet Liquid Rocket Company., in conjunction with 
the NERVA bearing test program. Resolutions to 0*0001” have been 
demonstrated. 

OPERATING LIFE : 10 hours, engine operatingj 3200 hours ground time* 

VIBRATION : 54 G's RIB random, to 2000 Hs 

SHELF LIFE ; 10 years 
CONNECTOR : (Not Available) 

INTERCHANGEAB IL ITY ; Replacement of the sensor must not require adjustment of 

electronics at a remote point. Software adjustment 
within the engine controller is permissible. 
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SENSOR CRITERIA 


PARAMETER ; Ignition Measurement Type ; D-22->IE 

APPLICATION ; Preburner and main combustion chambers, 

RESPONSE TZME It 5 milliseconds 

PRESSURE RATING ; 

MAX. NKG: 6000 psia 

PROOF; 7200 psia 

MIXTURE RATIO AT IGNITION ; 2:1 (Approximately) 

PROPELLANTS ; Oxygen; hydrogen 

IGNITION SOURCE ; Spark 

INTENDED USE ; As a start sequence safety monitor, to initiate sequence termination 
if ignition is not sensed in (Hot Available) seconds. The choice 
of response time is estimated based on desire to detect the 
successful ignition as rapidly as possible in relation to valve 
opening times and total engine start time. The actual ignition 
event may not occur until 0. 1 to 0. 5 seconds after initiation of 
- the start signal. 

INTERCHANGEABILITY ; Replacement of a sensor shall not require adjustment to 

electronics in the ^gine controller. Software changes are 
permissible. 

SELF CHECK ; Sensor system shall contain a self-check feature which assures the 

sensor is functioning, .The signal must be capable of interpretation 
by the engine controller 

OPERATING LIFE ; 10 hours accuwHtlated mission time. Acttial sensing time ^ 150 
seconds, 3200 hours ground operating 

SHELF LIFE ; 10 years 

OUTPUT VOLTAGE : (Not Available) As high as possible up to 28 V. 

AVAILABILITY ; No device is known to exist. Infra-red sensing via a sapphire or 
quartz window is possible, but sealing effectiveness must be 
demonstrated. 
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SENSOR CRITERIA 


PARAMETER ; Plow Measurement Tvbe ; F-23-ME 

RANGE ; To 0. 1 pounds/second 
FLUID (S) ; GHE, GOX 

OPERATING TEMPERATURE RANGE ; -200°F to 165®? 

PRESSURE ; 

WKG: 1500 psia 

PROOF; 9000 psia 

OUTPUT SIGNAL ; May be analog or discrete. Disctete will be set for flow, 

ALLOWABl^ PRESSURE DROP ; (Not Available) Must be minimized for maximum purge 

flow capability. 

VIBRATION ; Nominal 54 6' s RWB random, to 2000 Hz 
MOUNTING ; In-line, Flange, 

SELF-CHECK ; Must contain electrical function check, stimulated by external contact 
closure, or other similar approach. Loss of continuity must be 
readily identifiable, 

WEIGHT/VOLUMB ; (Not Available) 

OPERATIONAL LIFE ; 10 hours, engine operating} 3200 hours ground time,. 

SHELF LIFE ; 10 years 
CONNECTOR ; (Not Available) 

RESPONSE ; • 50 milliseconds, one time const. 

REPEATABILITY ; +5%, 3<T (set point or analog output) 

SPECIAL NOTES; Estimated availability, 12 - 18 weeks A.R.O. , untested units. 
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SENSOR CRITERIA 


This sheet is Intended only Co identify Che need for RFH, flow., current, 
and liquid level sensors. Final system designs will dictate the requirements. 

The RFM sensors are required for pumps. Operating temperature range is 
-420°F to +165°F. 

The turbine flowmeters are in the engine baseline , but may be removed. The 
general requirement is for LOX flow to about 900 pounds /second, and fuel (LH2) 
flow to about 150 pounds/second. 

The liquid level system is reqired for the yet~to«be-defined hydraulic 

system. 

Significant points to Include: 

a. Pressures 

b. Vibration 

c. Checkout . 

d. Precision 

e. Response 

f. Interchangeability 

g. Operating Life 

Measurement Type ; CU-24-ME 

SP-24-ME 

F-24-ME 

Q-24-ME 
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SENSOR CRITERIA 


PARAMETER : Pressure Measurement Type : P-25-ME 

RANGE (S) ; 0-500 psia 

FLUID (S) IN CONTACT WITH DIAPHRAGM ; GH 2 ; GOX; GHE, GN 2 , 0®P £0 +250®F, 
COMPENSATED OPERATING RANGE ; 0 to +250°F 
OPERATING RANGE ; r65°F £0 + 250®F. 

MXIMUM EXPOSURE TEMPERATUPvE RANGE ; (Not Available) 

TYPE OF SENSING ELEMENT ? Full Bridge 
EXCITATION ; 28 V. • D,“C. 

INPUT/OUTPUT RESISTANCE ; (Not Available) 

OUTPUT SIGNAL ! Digital 

I.NTERNAL_SAMPLING RATE ; 100 to 1000 samples per second (value will be fixed » 

but is not chosen). * 

ERROR BAND OVER COMPENSATED RANGE ; + 2%, 34T. 

^^CTRICAL CA LIBRATION CHECK ; Internal shunt by external command. 
jLAT FREQUENCY RESPONSE ; Approximately 100 Hz, 

VIBRATION ; (Not Available) 

MOUNT ING ; Direct , Flange. 

OVER-PRESSURE FACTOR. NO CHANGE IN PERFORMANCE ? 1,0 
PROOF PRESSURE ; (Not Available) - 
OPERATIONAL LIFE ; (Not Available) 

SHELF LIFE ; 10 years 
CONNECTOR ; (Not Available) 

AVAILABILITY ; 12 - 18 weeks ARO untested units. 
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TYPE 

PAEAMEIER 

MEAS. 


bange 


MEAS. 

RESPONSE 






HO. 

DESCRIPTION 

quan. 


1 AND UNITS 

TOL, 

ENVIRONMENT 

1 SOU 

RCE REF. 



BOOS. 

ORB 




C/M i 

yUL. 

FME 

A 

T-1 

PRESSURE 

13 

12 

0-60 

PSIA 

± 2 PSI 

20 PSI/ SEC 

LO^, LH^, GH^, 700°R, PLUSH MNT 

1.2 

ORB 

4.2 

BOOS- 

1.2 

4,2 









* 

3.2 

4,4 

3.2 

4.4 

P-IA 

PRESSURE 

8 

4 

. 0-50 

PSIA 

± 1 PSI 

20 PSI/ SEC 

GO^, GH^, He, 750°R, PLUSH MKT, 

2.2 

6.2 

5.2 

2.2 

5.2 

P-lB 

PRESSURE 

e 

4 

0-50 

PSIA 

± 1 PSI 

2C PSI/ SEC 

OVER PRES, 800 PSIA 

GO^, GH^, He, 750'*R, FLUSH MNT, 

OVER PRES. 2000 PSIA 

2.2 

5,2 

2.2 

5.2 


PRESSURE 

L2 

11 

O-LOO 

PSIA 

± 1 PSI 

50 P^SEC 

LOj, GOj, LHj, He, 700+R, FLUSH MNT 

1.1 

4.1 

1.2 

4.2 









1.2 

6.2 

2.3 

6.2 

P-2A 

PRESSURE 

9 

6 ' 

0-100 

PSIG 

± 1 PSI 

20 PSI/ SEC 

LUBE OIL, 700+R, PLUSH MNT 

2.4 

2.3 

4.2 

5.3 

■2.4 

2.3 

5.3 










2.4 

6.2 

2.4 

P-3 

PRESSURE 

32 

3 

0-200 

PSIA 

± 2 PSI ' 

20 PSI/ SEC 

LO^, 700+6, FLUSH MNT 

2.6 

1.1 

4.1 

2.6 

1.2 

4.2 



38 

37 

;0-7S0 

PSIA 

± 2 PSI - 

50,000 PSI/ SEC 

GO^, GHj, COMBUST., SOOO°R. PLUSH MNT 

2.1 

5.1 

2.1 

5.1 


PRESSURE 

9 

6 

0-1000 

PSIA 

± 5 PSI 

50,000 PSI/ SEC 

GO^, GHj, COMBUST., 1800+H, FLUSH MNT 

2.5 

2.3 

5.4 

5.3 

2.5 

2.3 

5,4 

5.3 










2.4 

6.2 

2.4 

6.2 


PRESSURE 

8 

4 

0-800 

PSIA 

± 4 PSI 

1,000 PSI/ SEC 

GO^, GH^, He, 750+R, PLUSH MNT 

2.6 

2,2 

5.2 

2.6 

2.2 

5.2 


PSFSSUKE 


6 

0-1200 

PSiA 

± 10 PSI 

500 PSI/ SEC 

GO^, GH^, He. 900 °R, FLUSH MNT 

1.3 

4.3 

1.3 

4.5 





0-2000 

PSIA 

+ 10 PSI 

1,500 PSI/ SEC 

GO^, LHj, 530+R, FLUSH MNT 

2.3 

”5.3 

2.3 

5.3 










2.4 


2.4 


P-7A 




0-2000 

PSIA 

± 10 ?SI 

1,000 PSI/ SEC 

OOj, GHj, He, 750+R, FLUSH MNT 

2.2 

5.2 

2.6 

2.2 

5.2 

P-7B 




0-2000 

PSIA 

± 10 PSI 

500 PSI/ SEC 

GOj, GH^, 750'R, PLUSH MNT 

3.3 

4.5 

3.3 

4.5 

P-l-EF 




0-60 

PSIA 

+0.5 PSI 

20 PSI/ SEC 

GH^, 600°R, PLUSH MNT 

3,1 

6.1 



P-IC-TF 




0-20 

PSIA 

±0.3 PSI 

20 PSl/SEC 






P-3A-TF 

P-3B-TF 

P-3C-TF 



12 

3 

3 

3 

0-100 

0-200 

0-150 

0-200 

PSIA 

PSIA 

PSIA 

PSID 

±0,5 PSI 
±0.5 PSI 
± 2 PSI 
± 4 PSI 

20 PSl/SEC 
20 PSI/ SEC 
20' PSl/SEC 
20 PSl/SEC 

LUBE OIL, 1000”F, PLUSH MNT. 

HOI GAS, 2500+K, PLUSH MKT. 

HOT GAS, 2500+R, MNT IN PXH. DUCT 
LHj, 530“R, MNT ON VANE PUMP 

3.1 

3.1 

3.1 

3.1 

6,1 

6,1 

6.1 

6.1 

”T7n 

___ 

V-1 



24 

0-5 g 


±0.5 g 

0-5000 He 

BEARING: COMPEES., TURB., PUMP, APU 



2,3 

5 3 









CLUTCH PWR. TRH. 



2.4 

6.2 



21 

9 

0-5 g. 

3-AXIS 

±0.5 g 

0-3000 Ha 

SEARING: FRONT FAN, CORE, LO-PRES. 




e&hI 

AC-l-TF • 

ACOUSTIC 

7 

3 

30-160 

dB 

+ 3 dE 

50-10,000 Hz 

MKT ON ENG. PWR. ASSY. 

I 

1 

1 

■ 


NOTES: TF = TURBOFAK 


MNT = MOUNT 














